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ABSTRACT 


A  bibliography  is  presented  on  the  subject  of 
the  space  environment  and  its  effect  on  electronic 
equipment.  Consisting  of  357  references,  the 
subject  matter  is  broken  down  into  the  following 
categories:  A.  Riidiation  Effects;  B*  Micro-- 
meteorites;  C.  Temperature;  D«  Vacuum;  E.  General, 
Most  of  the  references  cover  the  years  1958-1962, 
although  there  are  some  cited  which  were  published 
prior  to  1958.  The  references  are  arranged 
alphabetically  by  source,  report  number,  author, 
and  date  respectively.  Author,  corporate  source 
and  periodical,  and  subject  indexes  follow. 
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A  DIVISION  or  NORTH  AMERICAN  AVIATION.  INC. 


INTRODUCTION 


With  each  step  further  into  space  new  demands,  new  criteria, 
new  limits,  are  placed  upon  the  electronic  equipment  which  will  be 
used  in  later  probes*  This  bibliography  attempts  to  bring  together 
the  main  categories  of  the  space  environment  and  present  information 
about  each  constituent*  It  is  intended  to  be  used  as  a  basic  guide 
to  research,  design,  and  related  fields  where  space  environmental 
effects  are  of  vital  importance 

The  report,  consisting  of  357  references,  is  divided  into  the 
following  categories: 

A •  Radiation  Effects 

B*  Micrometeorites 

C#  Temperature 

D.  Vacuum 

E*  General 

The  wealth  of  information  on  the  subject  of  Radiation  Effects 
has  necessitated  the  breaking  down  of  this  category  into  the  following 
sub-categories : 

1.  Electron  Tubes 

2.  Hydraulic  Fluids  and  Lubricants 
3*  Materials 

li*  Plastics  aixl  Elastomers 
5 •  Semiconductors 
6.  Solar  Cells 
7 •  General 

The  references,  within  each  category,  are  arranged  alphabetically 
by  source,  report  number,  author,  and  date  respectively*  Following 
the  references  are  three  complete  indexes:  Author,  Corp)orate  Source 
and  Periodical,  and  Subject* 
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Radiation  Effects 


SECTION  A 


Radiation  Effects 


1*  Electron  Tubes 


.  VARIATION  DE  COLOIATION  ET  DE  TRANSLUCIDITE  DES  VERRE^  PAR  SUITE  DE 

LEUR  IRRADIATION  PAR  DES  RAYONNEMENTS  s'(SCAJRCE  DE  oOCo)  ET  DE  LEUR 
IRRADIATION  DANS  UN  REACTEUR  NUCliAIRE  (OB  IZMENENIYA  TSVETA  I 
PROZRACHNOSTI  STEKOL  PRI  OBLUCHENIYA  IKH  /-LUCHAMI  ISTOCHNIKA  Co^O 
I  V  YADERNOM  REAKTORE)  (COLOR  AND  TRANSPARENCY  CHANGES  OF  GLASSES 
EXPOSED  TO  r-RAYS  FROM  Co^O  AND  TO  NUCLEAR  REACTOR  RAYS). 

S.  M,  Brekhov3klkh«  (Atomnaya  Energiya,  USSR,  Vol.  8,  No,  1,  i960, 
pp.  37-it3)  In  Russian  (CEA  Translation  No.  R  1395#  1^  September 
1961,  21  p.,  5  refs.)  (Order  from  OTS  or  SLA  $2.60)  In  French  with 
Russian  Text  Included 


2.  EFFECT  OF  NUCLEAR  RADIATION  OF  GUSS.  tf.  C.  Riley,  W,  G.  Coppins 
and  W.  H.  Duckworth.  (Bat telle  Memorial  Institute,  Radiation 
Effects  Information  Center,  Columbus,  Ohio,  Technical 
Memorandum  No.  9,  30  November  1938,  2h  refs.,  162  p.)  AD  20?  701 

Currently,  the  primary  interest  in  glass  for  nuclear-powered 
aircraft  applications  is  in  optical  systems,  electron  tubes,  and 
dosimetry.  Coloration  is  undesirable  in  optical  systems  and  may 
render  them  useless.  Radiation  damage  to  glass  has  resulted  in 
mechanical  failure  of  electron  tubes*  The  dosimeter  application, 
on  the  other  hand,  depends  on  irradiation-induced  coloration  of 
glass. 

The  purpose  of  this  technical  memorandum  is  to  present 
available  information  on  radiation  effects  in  glass  and  to 
recomnend  areas  that  require  further  investigation. 


3.  EFFECT  OF  NUCLEAR  RADIATION  ON  ELECTRON  TUBE^  AMD  TUBE  KAT.iRI/\LS. 

W.  E.  Chapin.  (Battelle  Memorial  Institute,  Radiation  Effects 
Information  Center,  Columbus,  Ohio,  REIC  Report  No.  IL, 

13  February  I96I,  36  p. )  AD-232  60? 


U.  PULSED  aAM-IA  INITIATION  OF  BREAKDOW  IN  GAS  TUBES.  Alan  J.  Talbert 
and  Neil  D,  Wilkin.  (Diamond  Ordnance  Fuze  Laboratories, 

Washington,  D.  C.,  Project  No.  3Uo30,  DOFL  Report  No.  TR-961, 

10  July  1961,  2U  p.)  AD-260  821 

Miniature  cold-cathode  diodes  of  the  GE  XD  series  were  subjected 
to  pulses  of  gamma  radiation  from  the  electron  linear-acceleration 
(linac)  facility  to  determine  under  laboratory  conditions  the 
values  of  gamma  dose  and  dose  rate  required  to  initiate  breakdown 
in  the  diodes  at  different  bias  voltages.  Elapsed  time  between 
gamma  pulse  onset  and  diode  breakdown  was  measured.  Curves  are 
presented  of  the  relationship  between  gamma  dose  and  diode  breakdown 
as  a  function  of  diode  voltage.  The  data  are  compared  with  similar 
data  taken  in  Operation  Pluinbbob  (Nevada,  1937).  The  results  show 
that  each  of  the  diodes  tested  is  applicable  to  nuclear-proofing 
devices  with  corresponding  operating  voltage  range. 


5.  LITM^ATURfC  SURv'’'.!  ON  TIIR  EFi-T.GTS  OF  R;\DIATION  TO  ELECTRON  TUBE 
MTERIALS.  E.  R.  Johnson.  (Stevens  Institute  of  Teclinology, 
Semiannual  Report,  1  February-30  November  193'7) 


6.  UNCUSSIPIED  LITERATURE  SURVEY  ON  THE  EFFECTS  OF  NUCLEAR  RADIATION  TO 
ELECTRON  TUBE  MATERIALS,  E.  R.  Johnson.  (Stevens  Institute  of 
Technology,  Hoboken.  New  Jersey,  DA-36-039-SC-75146,  Report  No.  8, 

1  March-1  June  1959/ 

Ceramic  tubes  when  exposed  to  a  total  dose  of  10^9  nvt  have  a 
residual  activity  of  two  weeks  exceeding  100  R/hr  at  the  surface. 

The  effect  of  this  high  residual  activity  in  relation  to  tube  life 
is  discussed. 

The  effect  of  nuclear  radiation  on  subminiature  tubes,  thin  films, 
magnetic  materials,  and  secondary  emission  is  discuss^. 


7.  LITEfiATURE  SURVEY  ON  THE  EFFECTS  OF  NUCLEAR  RjIDIATIOM  TO  ELECTRON 

TUBE  MATERIALS.  E,  R.  Johnson.  (Stevens  Institute  of  Technology, 
Hoboken,  New  Jersey,  Quarterly  Report  No.  9,  31  August  1959, 

U  p.)  ad-228  813 


8,  LITERATURE  SURVEY  ON  THE  EFFECTS  OF  RADIATION  ON  ELECTRON  TUBE 

MATERIALS,  E,  R,  Johnson.  (Stevens  Institute  of  Technology, 
Hoboken,  New  Jersey,  Quarterly  Report  No.  10,  November  1959) 

ad-232  188 


9.  LITERATURE  SURVEY  OF  THE  EFFECTS  OF  NUCLEAR  RADIATION  TO  FXrETRDN 

TUBE  MAT;iRIAIS.  E.  R.  Johnson.  (Stevens  Institute  of  Technology, 
Hoboken,  New  Jersey,  Quarterly  Progress  Report  No.  11, 

Febiniary  I960,  20  p.)  AD-236  131 


10.  UNCLASSIFIED  LITERATURE  SURVEY  ON  THE  EFFECTS  OF  NUCLEAR  RADIATIC9J 

TO  EI£CTR0N  TUBE  MAT.IRIALS,  E.  R,  Johnson.  (Stevens  Institute  of 
Technology,  Hoboken,  New  Jersey,  Quarterly  i'rogress  Report  No.  12, 
May  i960) 


11.  UNCLASSIFIED  LITERATURE  SURVEY  ON  EFfECTS  OF  NUCLEAR  RADIATION  TO 
EI£CTR0N  TUBE  MTERIALS,  E,  R.  Johnson.  (Stevens  Institute  of 
Technology,  Hoboken,  New  Jersey,  Quarterly  Progress  iieport 
No.  lii,  31  October  I960,  h3  p.)  AD-252  708 


UNCLASSIFIED  LITEEIATURE  SURVEY  ON  EFFECTS  OF  NUCLEAR  RADIATION  TO 
BLECTRON 5  TUBE  MATERIALS.  E.  R.  Johnson.  (Stevens  Institute  of 
Technology,  Hoboken,  New  Jers^,  Report  No»  5735-1, 

31  January  1961,  18  p.) 


UNCLASSIFIED  LITERATURE  SURVEY  ON  EFFECTS  OF  NUCLEAR  RADIATION  TO 
ELBCTRCI^^  TUBE  MATERIALS.  E«  R«  Johnson.  (Stevens  Institute  of 
Technology,  Hoboken,  New  Jers^,  Report  No.  5735-2,  April  1961, 
19  p.)  ad-259  700 


UNCUS3IFIED  LITERATURE  SURVEY  ON  EFFECTS  .OF  NUCLEAR  RADIATION  TO 
EIECTROJ  TUBE  MATERIALS.  E.  R.  Johnson.  (Stevens  Institute  of 
Technology,  Hoboken,  New  Jersey,  lieport  No.  5735-3#  31  July  1961, 
16  p.)  AD-265  357 


EEVELOPM.ENT  AND  EVALUATION  OF  ELECTRON  TUBE  GLASSES  RESISTANT  TO 
RADIATION  DAMAGE.  R.  Spencer.  (T\ing-Sol  Electric,  Inc., 
Chatham  Electronics,  'Livingston,  New  Jersey,  Second  Semiannual. 
Progress  Report,  1  M^  I960)  AD-2U3  561 


SECTION  A 


Radiation  Effects 


2,  Hydraulic  Fluids  and  Lubricants 


16  ♦  EFFECT  OP  NUCLEAR  RADIATION  ON  THE  PERFORMANCE  OP  A  HYDRAULIC 

PLIGHT— CONTROL  SYSTEM,  Raymond  E ,  Hesa  and  R,  F,  Badertacher, 

(Battelle  Memorial  Institute,  Radiation  Effects  Information 
Center,  Columbus  1,  Ohio,  AF  33(6l6)-6564,  REIC  Memorandum  18, 

15  June  1959,  14  p.) 

In  the  nuclear— radiation— effects  program  to  date  a  rather  strong 
emphasis  has  been  placed  on  components  and  materials.  The  component, 
being  a  fundamental  building  block,  must  be  available  before  subs3^8tems 
and  systems  can  be  physically  realized.  Since  the  design  and  testing 
of  components  or  elementary  subsystems  for  nuclear-powered  aircraft 
is  understandable.  Until  such  time  as  proven  components  are  available 
and  system  problems  supersede  component  difficulties,  this  emphasis 
must  continue.  As  an  initial  step  toward  anticipating  the  development 
through  the  subsj'^stem,  system,  and  weapon-system  phases,  the  gross 
effect  of  nuclear  radiation  on  a  hydraulic  flight-control  system 
has  been  studied. 


17,  SF?EGT  OF  NUCLEAR  RADIATION  ON  HYDRAULIC,  PNEUMATIC,  /I'D  lECHANIC.AL 

SYSTEMS  FOR  SUBSONIC,  TR-WSONIC,  AMD  LOU^-SUP  liSONIC  SfElL  MRCriAFT, 
Raymond  E.  Hess  and  IUlbur  A,  Speaker,  (Battelle  Memorial 
Institute.  Radiation  Effects  Information  Center,  Contract 
AF  33(6l6V^71,  REIC  Report  No,  1-C  and  Addendum,  SECRET  RESTRICTED 
DATA) 

This  report  deals  exclusively  with  problems  representative  of 
subsonic,  transonic,'  and  loi-'j-super sonic  speed  aircraft  of  relatively 
conventional  configurations  poxirered  '.•y  nuclear  turbojets,  Feasi- 
bilitjr  studies  of  the  utilization  of  nuclear  r;.mi-jet  and  rocket 
povjer  nlants  in  various  weapon  sj’-stems  have  not  indicated  promising 
possibilities  in  higher  performance  vehicles. 

The  purpose  of  the  addendum  is  to  bring  the  material  presented 
in  the  basic  report  up  to  date  by  discussing  developments  in  airborne 
hydraulic,  pneumatic,  and  mechanical  systems  which  have  come  to  the 
attention  of  REIC  since  the  publication  of  the  earlier  report. 


18.  EFFECT  OF  NUCLEAR  RADIATICMf  ON  LUBRICANTS  AND  HYDRAULIC  FLUIDS 

(FIRST  ADDENDUM).  S.  L.  Cosgrove.  (Battelle  Memorial  Institute, 
Radiation  Effects  Information  Center,  REIC  Report  No.  U, 

31  March  1959,  51  p.)  Ad  210  760 


Radiation-resistant  gas-tiurbine-lubricant  development  during 
the  past  year  has  centered  around  the  expanded  stuefy  of  polyphenyl 
ethers  and  alkylated  aromatic  ethers.  Meta-llnked  polyphenyl 
ethers  (unhibited)  show  promise  for  use  in  the  0  to  700°  F  range 
and  at  exposures  up  to  1  x  10'^^  ergs  g~^  (C),  Alkylated  diphenyl 
ethers  and  dlaryl  alkanes  show  the  most  promise  for  use  in  con¬ 
ventional  hydraulic  systems  under  irradiation  conditions. 


19.  EFFr]CTS  OF  GA?fflA  RADIATION  ON  ELASTO>^RS,  SEALANTS,  STRUCTURAL 

ADHESIVES,  LUBRICANTS  AMD  GREASES.  Chester  J,  DeZelh.  (Boeing 
Airplane  Company,  Seattle,  Washington,  iiepori  152-2liU^) 


20.  EFFECT  OF  NUCLEAR  RADIATION  OF  GYRO  FLUIDS.  Howard  L.  Steele. 

(Boeing  Company,  Seattle,  Washington,  Document  No.  D2-2753* 

21  October  19^8,  12  p.)  AD-266  099 

Typical  fluids  used  to  float  the  gyro  in  new  low-drift  gyros 
for  inertial  guidance  are  affected  by  nuclear  radiation.  Dow 
Corning  Silicone  DC-200  (200  and  3^0  centistoke  viscosity)  and 
Hooker  FT.uorolubes  grades  FS,  S,  and  FC  1x3  were  exposed  either  to 
Cobalt-60  gamma  rays  at  the  Boeing  gamma  facility  or  to  a 
fission  spectrum  of  pulsed  neutrons  at  the  Los  Alamos  Godiva 
facility.  The  viscosity  was  the  most  sensitive  property  measured 
and  the  denser  fluid  showed  the  greatest  change.  A  lOjS  decrease 
occurred  in  350  centijtoke  DC-200  at  a  dose  of  U  x  10  to  the  l5th 
power  gammas/sq  cm  or  12.5  x  10  to  the  13th  power  neutrons/sq  cm. 
The  reduction  in  density  at  these  doses  was  not  much  more  than  the 
experimental  error  (about  1$).  Changes  in  the  IR  transmission 
spectra  were  barely  greater  than  the  experimental  error  for  doses 
below  those  which  produced  a  gel.  If  the  density  changes  noted 
occurred  in  a  short  time,  the  gyro  would  not  be  able  to  take  the 
change  into  account  and  drift  greater  than  specified  would  result. 


21.  GAMMA  IRRADIATION  OF  AN  EIECTRO-HYDRAULIC  SERVO  TEST  LOOP  USING 

ORONITE  8^13  HYDRAULIC  FLUID.  A.  MacCullen.  (Lockheed  Aircraft 
Corporation,  Nuclear  Products,  33(6o6)-^89li7»  August  1958- 
June  1959,  Japuary  I960,  WADC  TR  59-592) 


22.  RADIAHON  STABILITY  OF  SILICONE  SlEASES.  D.  J.  Fischer. 

J,  F.  Zack,  Jr,  and  E.  L,  Warrick.  (Lubrication  Engineering, 
Vol.  15,  October  1959,  pp.  Ii07-li69) 

Static  tests  were  conducted  at  38  C  on  commercial  and 
experimental  greases  to  show  their  probable  limits  of  radiation 
stability. 


jOLID  Fim  LUBaiCWTS  FOR  HIGH  TF-KPERaTIHE  NUCLEAR  ENVIR0m'1F.mS. 

Rnica  Daniel.  (Midwest  Research  Institute,  Kansas  City,  Missouri, 
Contract  AF  33(6l6)-6728,  Report  on  MP  Airframe  and  General 
Support,  1  Jmie  19^9-1  June  1961,  September  1961,  k3  p.i  10  refs., 
¥ADD  TR  60-283,  Part  2)  AD-269  1*29 

The  effect  of  gamma  radiation  on  Pb0:B203  and  MoS2:Na0Si02  films 
was  studied.  Within  experimental  variation  no  effect  on  wear-life 
could  be  measured.  At  least  one  specimen  of  each  irradiated  film 
had  an  unusually  long  wear-life  indicating  that  if  the  gamma  dose 
reduces  wear-life,  the  effect  is  probably  not  severe,  A  new  friction 
machine  was  constructed  for  evaluating  solid  lubricant  films 
operating  in  a  gamma  flux.  The  films,  coated  on  plain  spherical 
bearings,  were  run  in  oscillatory  motion.  The  effect  of  gamma  doses 
on  wear-life  on  MoS2;Na2BU07  and  Lubricant  A  in  dioxane  could  not 
be  measured  within  experimental  variation.  The  effect  of  load, 
temperature,  and  pigment-to-adhesive  ratio  on  wear-life  was  studied 
also  for  PbS:MoS2  and  MoS2:B203.  Experiments  on  solid  lubricant 
pellets  showed  that  a  gamma  dose  of  0,878  x  10  to  the  12th  pov/er 
erg/gC  increases  friction.  No  change  in  lattice  spacings  was  found. 


EEViSLOPING  RADIATION-flESISTANT  LUBRICANTS.  H,  C,  O’Conner, 
(Nuclear  Power,  Vol,  U,  August  1959,  pp»  88-89 ) 

High  flux  tests;  range  of  oils  and  greases  developed; 
applications  in  Bradwell  machinery. 


NUCLEAR  RADIATION  RESISTANT  GYROSCOPE  BEARING  LUBRICANrS  AND 

FLOTATION  MEDIA.  Frank  R.  Callthan,.  Robert  A,  Falk  and  others, 
(Speriy  Gyroscope  Company,  Great  Neck,  New  York,  Contract 
AF  33(6l6)-6l87,  Report  on  ANP  Airframe  and  General  Support, 

16  November  1959-31  October  I960,  March  1961,  118  p.,  208  refs,, 
WADD  TR  60-753,  Part  1)  AD-263  ^^56^^ 

♦NO  AUTOMATIC  RELEASE  TO  FOilEIGN  NATIONALS. 

Available  data  concerning  various  classes  of  organic  liquids 
are  presented  and  discussed  with  respect  to  radiation  resistance 
and  potential  application  as  gyro  lubricants  and  flotation  fluids, 
A  nurttoer  of  these  fluids  were  selected  as  lubricant  candidates 
and  additional  evaluation  performed.  Suitable  radiation  resistant 
flotation  fluids  are  not  currently  available:  therefore,  a 
synthesis  program  was  initiated  to  prepare  such  materials.  The 
study  and  evaluation  of  existing  lubricants  and  synthesis  of 
flotation  fluids  are  reported. 


26.  NUCLEAR  RADIATION  RESISTANT  HIGH  TEMPERATURE  LUBRICANTS. 

C.  L.  Mahoney.  E.  R.  Barnum,  W.  S,  Saarl.  K,  J.  Sax  and 
W»  W,  Rerlin#  Shell  Development  Conqjany.  (U,  S,  Air  Force, 

WrigKi  Air  Cevelopment  Center,  Air  Research  and  Development 
Command,  Wright-Patterson  Air  Force  Base, Ohio,  WADC  Technical 
Report  59-173,  September  1959,  123  p.,  18  refs.) 

Polyphenyl  ethers  are  very  proniaing  materials  for  further 
development  as  radiation-resistant  high-temperature  lubricants. 

The  unsubstituted  polyphenyl  ethers  are  far  more  stable  than 
presently-used  lubricants  and  can  be  classified  with  the  most 
resistant  types  of  aromatic  con^jounds  (polyphenyls,  aromatic 
silanes,  etc.)  with  respect  to  radiation,  oxidation  and  thermal 
stability.  Furthermore,  these  ethers  have  much  lower  melting  points, 
better  physical  properties  and  much  better  lubrication  character¬ 
istics  than  the  other  aromatic  materials.  Unsubgtituted  geta- 
linked  polyphenyl  ethers  having  pour  points  of  5^  and  have 
been  prepared.  Initial  thermal  decomposition  temperatures  of  these 
ethez*8  are  830°F  or  higher. 


27.  DEVELOPMENT  OF  NUCLEAR  RADIATION-RESISTANT  HTDRAULIC  FLUIDS. 

N.  W.  Furby,  M,  A,  Pino,  S.  R.  Calish  and  D.  R.  Wilgus. 

(Salifomia  Research  Corporation,  (tt,  S,  AlrTorceT^ight  Air 
Development  Center,  Air  Research  and  Development  Command,  Wright- 
Patterson  Air  Force  Base,  Ohio,  WADC  Technical  Report  59-252, 
October  1959,  151  p.) 

Synthesis  work  during  this  contract  period  had  several  parts, 

A  synthetic  base  fluid,  i8opropyl-l,9-diphenylnonane,  having  an 
excellent  combination  of  viscosity-ten^jerature  properties  and 
stability  against  the  common  types  of  degradation,  was  developed. 
Gallon  quantities  of  this  material  were  prepared  for  formulation 
studies  and  evaluation  tests.  Various  polyalkylaromatlcs  were 
synthesized  for  evaluation  as  viscosity-temperature  Inprovers, 

A  large  laboratory  batch  of  the  C^-^-alkyl  diphenyl  ether-p- 

xylylene  copolymer  was  prepared  for  use  in  the  final  fluid  formu¬ 
lation,  CAlRESEARCH  59R-ii39.  New  leads,  related  to  the  in  situ 
formation  of  polymeric  materials  in  C^^-diarylalkanes  ty  treating 
with  aluminum  chloride,  may  make  possible  the  development  of 
superior  fluids.  This  opens  a  fertile  field  for  futwe  research. 
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,  MATERIALS  IN  SPACE,  ^ederick  L.  Bagby.  Bat telle  Memorial  Institute, 
Columbus,  Ohio,  (Advances  in  Space  &ience.  Volume  II,  Academic 
Press,  New  York,  I960,  pp,  lli3-213) 

Discusses  selection  criteria,  applications,  and  future  outlook 
of  materials  for  high  temperature  service,  lightweight  pressure 
vessels,  mechanical  elements  and  devices,  thermomechanical  power 
systans,  solid  state  electronic  devices,  instrumentation,  and 
personnel  equipment. 


29.  SWIFAGE  EFFECTS  ON  MATERIALS  NEAR  SPACE.  Francis  J.  Clauss. 
Lockheed  Aircraft  Corporation,  Missile  and  ^ace  Division, 

Van  Nuys,  California.  (Aero/ Space  Engineering,  Vol.  19, 

October  I960,  pp,  l6-19-f) 

Materials  for  spacecraft  are  reviewed  from  the  standpoint  of 
resistance  to  radiation,  erosion,  and  ability  to  lubricate  and 
prevent  seizure. 


30.  NUCLEAR  EFFECTS  ON  MATERIALS.  (Aircraft  and  Missiles,  Vol. . 2, 
December  1959,  pp.  22-2U) 

Brief  review  of  gamma  ray  and  fast  neutron  irradiation  effects. 


31.  COMMENTS  ON  BEHAVIOR  OF  MATERIALS  IN  SPACE  ENVIRONMENTS.  B.  Paul. 

(American  Rocket  Society  Journal,  Vol.  32,  July  1962,  p.  1117) 

Brief  discussion  of  a  previous  study  by  Jaffe  and  Rittenhouse 
of  sublimation  from  materials  in  a  high  vacuum. 


32.  NEUTRON  EFFECTS  ON  FERRITES.  N.  M.  Omelyanovskaya.  (Atomnaya  Energiya. 
Vol.  7,  1959,  P.  66) 

Russian  observations  of  the  behavior  of  ferrites  as  memory 
d.anenta  in  electromagnetic  devices  in  thermal-neutron  fields  appear 
to  confirm  comparable  U.  S,  results,  although  their  integrated  flux 
was  less  by  a  factor  of  ten.  Ferrites  were  e^qjosed  in  a  flux  of 

1.5  X  10'^  n/cm'*/sec  to  integrated  fluxes  of  2,l5  X  10''^  and 

6.5  X  10^^  n/cm\  Radiation-induced  heating  caused  distortion  of  the 
hysteresis  loop,  as  confirmed  by  control  tests  at  20°-58,8°C  in  the 
absence  of  radiation,  while  magnetic  properties  were  independent  of 
the  integrated  flux.  However,  loop  rect angularity  was  poorer  for 
the  controls.  The  author ^suggests  this  difference  may  be  due  to  the 
ordering  of  the  ferrite  lattice  in  the  thermal -neutron  flux,  the 
mobility  of  the  radiation-induced  vacancies  and  counteraction  of  the 
temperature  effects  by  interstitial  atoms.  Thus,  he  recommends  that 
ferritic  memory  elements  exposed  to  neutron  and  gamma  fluxes  higher 
than  5-50  I  10^^  n/cmVsec  he  provided  with  an  automatic  current- 
regulating  device  or  cooling  apparatus# 


33.  EFFECT  OP  NUCLEAE  RADIATION  ON  ELECTRONIC  TRANSFORMERS  AND  TRANSFORMER 
MATERIALS.  J.  F.  Hansen.  (Battelle  Memorial  Institute,  Radiation 
Effects  Information  Center,  Columbus  1,  Ohio,  AP  33(616;-5171, 
Technical  Memorandum  No.  7,  30  November  1958,  4  p.,  5  refs.) 

This  memorandum  presents  a  summary  of  the  information  available 
in  the  Radiation  Effects  Informatioh  Center  files  on  the  effects  of 
nuclear  radiation  on  transformers  and  transformer  materials. 
Recommendations  regarding  materials  for  transformer  construction 
are  also  presented. 

Investigations  of  radiation  effects  on  transformers  and 
transformer  materials  have  been  made  by  Convair,  Division  of 
General  I^rnamice  Corporation,  Port  Worth,  Texas;  General  Electric 
Company;  Admiral  Corporation;  and  others. 


31;,  SPACE  RADIAHON  AND  ITS  EFFECTS  ON  MATERIALS.  (Battelle  Memorial 
Institute,  Columbus,  Ohio,  REIC  Memo,  No,  21,  June  I96I) 

AD-261  277 


39.  EFFECTS  ON  MATERIALS  BY  NUCLEAR  RADIATION  (MATERIALBEEINFLUSSUNG 
DURCH  KERNSTRAHLUNG),  Gerald  Reinsmith.  (Bitumen,  Teere. 
Asphalte,  Peche,  Vol,  10,  No,  8,  August  19^9#  pp.  295-296; 

In  German 

During  nuclear  fissions,  approximately  10!^  of  the  liberated 
energy  is  released  in  the  form  of  fission  products,  ol  and/S 
particles,  gaima-rays  and  neutrons.  Such  materials  as  offer  the 
highest  resistance  to  these  products  are  metals,  ceramic 
substances,  polysilanes,  polyesters,  phenol  resins  and  epoxide 
phenol  plastics.  The  substances  rapidly  attacked  are  fats, 
iid)ricants,  hydraulic  oils,  natural  and  ^nthetic  rubber  and 
textiles. 


36.  EFFECTS  OF  NUCLEAR  RADIATION  ON  ELECTRONIC  MATERIALS.  V.  R,  Honnold 
and  C,  W,  Pericins,  Hughes  Aircraft  Con?)any,  Ground  Systems  Group, 
Fullerton,  California.  (Electronic  Industries,  Vol,  21,  No,  2, 
February  1962,  pp,  99-101,  15  refs,) 

This  is  the  second  article  in  a  planned  series  about  pulsed 
nuclear  radiation  effects.  Here  it  is  learned  how  pulsed 
radiation  affects  insulating  materials,  metals,  semiconductor 
materials,  gases,  and  other  electronic  materials  as  an  aid  in 
designing  radiation-proof  equipment. 


37.  RADIATION  DAMAGE  TO  NON>fETALLIG  MATERIAL.  V,  P.  Calkins, 

(General  Electric .Company,  ANPD,  Cincinnati,  Ohio,  AEiX  I67, 
11th  Edition)  AD-93  UUl 


38.  EFFECTS  OF  RADIATION  ON  MATERIALS.  J.  J.  Harwood.  U.  S.  Office  of 

Naval  Research!  Henry  H«  Hausner,  The  Martin  Company;  Ji'  0.  Morse, 
The  Martin  Company,  Nuclear  bivision;  and  W.  G«  Rauch,  Of:^ice  of 
Naval  Research!  Editors.  (Reinhold  Publishing  dorporation, 

New  York,  1958,  355  p.  Bibliog.) 

Contents:  Defects  in  solids  arid  current  concepts  of  radiation 
effects,  G,  J,  Dienes.  Experimental  approaches  to  radiation 
studies—radiation  sources  and  dosimetry,  J.  C.  Wilson.  Radiation 
effects  on  physical  and  metallurgical  properties  of  metals  and 
alloys,  E.  S.  Billington.  Influence  of  radiation  upon  corrosion 
behavior  and  surface  properties  of  metals  and  alloys,  M.  Simnad. 
Effects  of  radiation  on  electronic  and  optical  properties  of  in¬ 
organic  dielectric  materials,  R.  Steoluchowski.  Effects  of 
radiation  on  semiconductors,  H,  Y.  ^an  and  K7  Lark-Horovitz. 

Cores,  liqxxid  coolants  and  control  rods,  G.  E«  Weber.  Moderators, 
shielding  and  auaELliazy  equipment,  G.  R,  Hennig.  ES^eriraental 
techniquez  and  current  concepts—organic  substances,  M.  Buirton. 
Effects  of  radiation  on  behavior  and  properties  of  polymer^ 

A.  Charlesby.  Radiation-induced  graft  copolymerization, 

A.  J.  itestaino.  Bibliography  "Effect  of  irradiation  on  solids," 

H.  Fri edema nn. 


39.  EFFECTS  OF  VAN  ALLEN  BELT  RADIATION  ON  MATERIAL.  R.  S.  Sh^. 

(IRE  International  Convention  Record,  Vol.  9,  Part  5,  1961, 
pp.  129-138) 

On  the  basis  of  experience  from  nuclear  fission  experiments 
it  is  concluded  that  many  materials  used  in  electronic  equipment 
would  deteriorate  markedly  if  exposed  to  the  radiation  expected 
In  the  Van  Allen  belt.  The  greatest  damage  would  probably  be  due 
to  proton  bombardment  of  plastic  materials  vAiich  could  result 
in  seriously  worsened  insulation  properties,  and  chemical  break¬ 
down  leading  to  the  evolution  of  corrosive  substances.  The  most 
sensitive  components  are  likely  to  be  solid  state  devices  and 
capacitors.  Proposals  are  made  for  a  testing  routine  for  potential 
components  for  use  in  satellites.  Tables  are  given  summarizing 
present  knowledge  in  this  field. 


1:0.  RADIATION  EFFECTS  CONSIDERATICNS  ON  MATERIALS  IN  CRYOGENIC  SYSTEMS 
OF  NUCLEAR  ROCKETS.  J.  W.  Gordon.  (IRE  TransacUons  on  Nuclear 
Science,  Vol.  NS-9,  Mo.  1,  January  1962,  pp.  299-302) 

Sealing  materials,  lubricants,  thermal  insulation,  and 
structural  materials  are  discussed  with  inspect  to  radiation 
stability.  Some  experimental  data  o«  the  effects  of  simultaneous 
expos^ire  of  metals  to  nuclear  radiation  and  ciyogenlc  ten^eratures 
are  also  presented. 


1*1.-  STUDY  OF  EFFECT  OF  HIGH-INTENSTTY  PULSED  NUCIEAR  RADIATION  C»^ 
ELECTRONIC  PARTS  AND  MATERIALS  (SCORRE).  (IBM  Corporation, 

Owego,  New  York,  Contract  DA  36-039-sc-85395,  Quarterly  Progress 
Report  No.  5,  1  July-30  September  1961,  30  Septentoer  1961, 

11  p.)  ad-267  398* 

*No  automatic  release  to  Foreign  Nationals# 

Radiation  tests  scheduled  to  be  conducted  at  the  Shndia  Pulsed 
Reactor  Facility  in  November  I96I  are  described.  The  electrical 
behavior  of  glass-dielectric  capacitors  vas  to  be  observed  during 
the  bursts.  The  Sandia  Pulsed  Reactor  was  to  be  used  as  the 
radiation  source# 


U2.  HOW  RADIATION  AFFECTS  ENGINEERING  MATERIALS.  Richard  E.  Bowman# 
(Materials  in  Design  Engineering,  Vol.  ^2,  July  1^6o, 
pp.  119-13U) 

Gamma  rays  and  neutrons  cause  property  changes  in  the 
environment.  Structural  metals  generally  have  best  radiation 
resistance.  Inorganic  materials  show  many  changes  in  physical 
and  mechanical  properties.  Elastomers  vary  widely  in  radiation 
resistance.  Plastics  generally  have  equal  or  better  radiation 
resistance  than  elastomers,  (^ganic  fluids  can  have  composition 
adjusted  to  provide  compromise  of  properties# 


1*3.  MECHANICAL  BEHAVIOR  OF  MATIERIALS.  R.  T.  Ault.  I,  K,  Ebcioglu, 

D,  M,  Forney,  Jr,,  J,  A,  Roberson  and  others*!!  (U,  S,  Air  Force, 
Aeronautical  Systems  Division,  Wright-Patterson  Air  Force  Base, 
Ohio,  ASD  Technical  Report  61-322,  July  I96I,  pp.  8U9~882)  also 
(Materials  Synposium,  Phoenix,  Arizona,  13-1?  September  I96I) 

AD  26k  193 


GAMMA  RADIATION  EFFECT  ON  THE  ELECTRICi\L  CONDUCTIVITY  OF  MATERIALS. 
W.  F.  Pfeiffer.  (U,  S.  Air  Force  Institute  of  Technology, 

Air  University,  GNE-59-12,  March  1999)  AD  215  599 


1*5.  NUCLEAR  RADIATION  EFFECTS  ON  ELECTRONIC  MTERI/\LS  MD  COMPONENTS. 

(U,  S,  Signal  Corps  Engineering  Laboratories,  Dielectric  Materials 
Section,  Materials  Branch,  Electronic  Parts  and  Materials  Division, 
Components  Department,  Port  Monmouth,  New  Jersey,  Information 
Bulletin  No,  268,  3I  January  1957) 
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ij7.  THERMAL  AND  QAMMA  RADIATION  BEHAVIOR  OF  A  NEW  HICM  TEMPERATURE  ORGANIC 
fiber.  C«  0«  Little,  Jr.  (Aeronautical  Systems  Diirision,  Directo¬ 
rate  of  Materials  and  Processes,  Wright-Patterson  Air  Force  Base, 
Ohio,  Project  No.  7320,  Report  on  Fibrous  Materials  for 
Decelerators  and  Structures,  May  19^8 -Sept ember  I960,  June  1961, 

39  P.,  WADD  TN  60-299)  AD-266  328 

This  research  study  involves  a  new  temperature  resistant  experi¬ 
mental  organic  fiber  known  as  HT-l,  whose  chemical  structure  is  a 
departure  from  the  conventional  polyamide  and  polyesters.  The 
brtiavior  of  this  fiber  during  and  after  exposure  to  temperatures  up 
to  6^0  F  alone  and  in  conjunction  with  gaitma  radiation  indicates 
that  a  major  breakthrough  in  organic  fiber  technology  was  achieved. 
Exposure  to  ionized  radiation  does  not  affect  the  tensile  or 
elongation  of  HT-1  yam.  Tensile  retention  at  $00  F  is  increased 
from  8U.8  to  91.65?  after  combined  thermalionized  radiation  exposure; 
at  600  F,  tensile  retention  is  increased  from  $2,2^  to  78.2^,  The 
superior  briiavior  of  HT-1  can  be  ejcploited  to  affect  the  greatest 
over-all  advance  in  temperature  resistant  fiberology  through 
utilization  in  aircraft  and  personnel  deceleration  systems;  missile 
and  booster  recovery  systems;  aircraft  tires,  ducting,  fuel 
diaphrans  and  expulsion  bags;  reinforcement  for  ablating  plastics 
for  re-entry  heat  shields,  and  other  hyperthemal  applications. 


Ue.  TIERMAL  irradiation  OF  PLASTIC  MATERIALS.  Herbert  S.  Schwartz  and 
Rex  W.  Farmer.  (Aeronautical  ^sterns  Division,  Directorate  of 
Materials  and  Processes,  WVight-Patterson  Air  Force  Base,  Ohio, 
Project  73l;0,  August  1961,  71  p.,  28  refs.,  WADD  TR  60-6U7) 
ad-267  $78 

Degradation  and  short  time  rupture  of  several  reinforced 
plastics  and  structural  adhesives  were  investigated  during 
intense  radiant  heating.  Thermal  response  was  found  to  be  a 
function  of  c«urbain  materials  pmperties,  stress  craidltlons  and 
environmental  parameters.  Plastic  specimens  were  preloaded  in 
tionslon  and  irradiated  in  an  arc-imaging  furnace.  Time  to 
rupture  was  i  function  of:  resin  and  reinforcement  type,  spectral 
characteristics  and  thickness  of  the  material,  angle,  and 
magnitude  of  the  applied  static  stress,  and  radlaht  flux  density. 
Rupture  times  ranging  from  0.$  to  U$  sec  were  observed  for  applied 
stresses  of  20  to  10%  of  the  ultimate  room  ten^^erature  strength 
and  radiant  flux  densities  of  1  to  25  Cal/sQ  cm-sec.  An  exploratoty 
study  was  made  on  an  adhesive  bonded  clad  Al  lap  Joint  loaded  in 
shear  and  irradiated  at  2$  Cal/s<l  cm-sec.  Rupture  times  of  1  to 
10  see  were  obtained  for  static  loads  of  30  to  705?  of  ultimate 
rooai  ttmperatin'e  strength. 


i*9.  EFFECTS  OF  NEUTRCSJ  AND  GAMMA-RAY  IRRADIATION  ON  THE  DIELECTRIC  CONSTANT 
AND  LOSS  TANCENT  OF  SOME  PLASTIC  MATERIALS.  R.  A.  Weeks  and 
D.  Binder.  (AIEE  Summer  General  Meeting,  June  1958,  Paper  CP  58-878) 
also  (AIK  Transactions,  >Q.nter  General  Meeting,  February  1959) 


50.  EFFECTS  (F  GAMMA  RADIATION  ON  SOME  ELECTRICAL  PROPERTIES  OP  TEFLON 
W,  E,  Loy.  Jr.  (ASTM,  Third  Pacific  Area  National  Meeting, 

San  Francisco,  California,  11-16  October  1959,  Paper  No.  193) 

Post-irradiation  measurements  of  dielectric  constant  of  32-  and 
125-mil  Teflon  specimens,  irradiated,  to  a  dose  of  5.7  x  lo'^r,  indicated 
no  change  from  the  pre-irradiation  values.  Dielectric  strengths  of 
3-,  5-,  and  11-mil  specimens,  irradiated  to  a  dose  of  5.7  x  lO^r, 
did  not  change  significantly  from  the  pre-irradiation  values. 

Volume  resistivity  of  Teflon  irradiated  at  dose  rates  ranging 
from  3  X  10^  r/hr  to  1.85  x  105  r/hr  decreased  very  rapidly  during 
irradiation.  Results  indicate  that  the  resistivity  during  irradiation 
is  an  inverse  function  of  dose  rate  and  specimen  thickness. 

Post— irradiation  values  of  resistivity  indicate  a  dependence  on 
the  dose. 


51.  R.ADIATION  EFFECTS  IN  POLYSTYREr®.  Donald  E,  lOirB .  (Applied 
Polymer  Science,  Journal,  Vol.  5,  No.  lU,  March-April  1961, 
pp.  191-19U) 

Morphous  polystyrene  was  subjected  to  nuclear  radiation  in 
doses  ranging  from  1,2  x  10 to  3*8  x  10''  ergs  per  gram.  At  low 
irradiation  doses  cross-linking  occurred  sufficient  for  the 
formation  of  a  non-liquefying,  three-dimensional  network  in  the 
polystyrene,  but  no  changes  in  the  dynamic  mechanical  properties 
attributable  to  irradiation  could  be  detected. 


52.  ULTRAVIOI£T  RADIATION  DEGRADATION  OF  ELASTCMERS  IN  A  HIGH  VACUUM. 

C»  p«  MLllg«  (Armour  Research  Foundation,  Chicago,  Illinois, 
Contract  AF .  33 (6l6)-7310,  Report  on  NonmetalUc  and  Composite 
Materials,  May  1960-May  1961,  September  I961,  19  p.,  30  refs., 

ASD  TR  61 -8U)  AD-268  99U 

A  test  chamber  was  designed  and  constructed  for  the 
irradiation  of  suitable  elastomers  at  short  wavelengths  (greater 
than  2000  A),  low  pressures  (less  than  10  to  the  -5th  power  mm  Hg), 
ambient  tenperatures  (less  than  300  F),  and  low  relative  elongation 
(less  than  25^) •  Quantities  measured  include  stress  decay,  weight 
loss,  and  changes  in  elastic  modulus;  these  are  all  b\ilk  properties 
and  show  no  apparent  change  at  temperatures  less  than  225  F, 
However,  there  was  appreciable  surface  deterioration,  as  evidenced 
by  dulling,  cracking,  permanent  set,  and  unequal  swelling.  At 
higher  temperatures  (300  F)  the  bulk  properties  show,  significant 
changea,  indicating  a  homogeneous  thermal  reaction  throughout  the 
■pecimen,  superiapoaed  on  the  surface  photolysis.  The  samples 
differ  notably  in  durability;  the  Vlton  fluoroelastoiiiera  seem  to 
resist  degradation  most  aucceaafullya 


EFFECTS  OF  IONIZING  RADIATIC*J  ON  NATURAL  AI^ID  SYNTHETIC  HIGH  POLYMERS. 
^ank  Minnesota  Mining  and  Manufacturing  Company, 

dt.  ^aui,  kinnesota.  (Interscience  Publishers,  Inc.,  New  York, 
19^8,  287  p#.  Refs,  by  Chapters) 

Contents;  Properties  of  ioni2dng  radiations;  Chemical  Effects 
producted  by  ionizing  radiations;  Radiation  chemistry  of  polymers 
(general);  Statistical  treatment  of  crosslinking  and  scission 
occurring  under  ionizing  radiation;  hydrocarbon  polymers;  Acrylate 
and  methacrylate  polymers  and  miscellaneous  oxygen-containing 
addition  polymers;  Chloro  and  fluoro  polymers;  Diolefin  polymers; 
Condensation  polymers;  Natural  polymers  and  derivatives;  Appendix  - 
Effects  of  high  energy  radiation  on  polymers* 


EPVECT  OF  NUCLEAR  RADIATION  ON  MSTi\LLO-ORaANIG  Ca-IPOUIvODS  AND  ON 
PCLYETHYLElffi.  N.  J.  Broadway.  (Babtelle  Memorial  Institute, 
Radiation  ECfects  Information  Center,  Columbus,  Ohio, 

Contract  AF  33(8l6)-?>171,  Technical  Memorandum  No.  3, 

15  February  1958,  5  P®,  11  refs.) 


EFFECT  OF  NUCLEAR  RIDIATICN  ON  ELASTOMERIC  AND  J'LASTIC  ^\ATF.RIALS. 

N.  J.  Broadwayj  M.  A.  Youtz^  M.  L.  Zaring  and  S.  Palinchak. 
(Battelle  Memorial  -institute,  Radiation  Effects  Information 
^n^r,^ffiIC  Report  ,No.  3,  31  May  1958,  I60  p.,  37  refs.) 

■  This  report  presents  the  state  of  the  art  of  the  effects  of 
nuclear  radiation  on  elastomeric  and  plastic  materials  from  19i;7 
to  the  present.  A  brief  description  of  the  mechanism  of 
radiation  damage  is  followed  by  detailed  presentation  of  data 
summarizing  the  radiation-effects  information  on  various  types  of 
elastomers  and  plastics.  Also,  areas  in  which  more  research  is 
needed  are  indicated.  This  report  does  not  include  information  on 
the  use  of  radiation  for  polymerization  or  vulcanization  unless  it 
has  some  bearing  on  effects  of  radiation  on  the  finished  polymer. 

The  information  in  this  report  is  not  new,  but  it  is  believed 
that  it  is  sufficiently  inclusive  and  is  presented  in  a  form  idiich 
vdLll  make  it  valuable  as  a  reference  guide  to  the  engineers 
designing  nuclear  weapon  systems. 


EFFECT  ''-F  NUCLEAR  RADIATION  ON  PLUOROPOLYI’IERC,  N.  J.  Broadway  and 
S.  Palinchak.  (Battelle  Memorial  Institute,  Radiation  Ef^^ects 
Information  Center,  Columbus,  Ohio,  REIC  Memorandum  17, 

30  June  1959,  18  p.,  27  refs.) 

This  m-anorandum  summarizes  the  available  data  on  the  radiation 
stability  of  Teflon  and  Kel-F  plastics,  and  Kel-F,  polyfluorobutyl, 
acrylate  (PolyPBA)  hexafluoropentamethylene  adipate  (a  polyester), 
and  Silastic  LS-53.  (a  fluorinated  silicone)  elastomers. 


57 


.  EFFECT  OF  NUCLEAR  RADIATION  ON  ELASTOMERIC  AND  PLASTIC  COMPONENTS 
AND  MATERIALS.  R«  W.  King,  N.  J.  Broadway  and  S«  Palinchak. 

(Battelle  Memorial  Institute,  Radiation  Effects  Information  Center, 
Columbus,  Ohio,  Contract  AF  33(6l6)-7375.  RBIC  Report  No.  21, 

1  September  1961,  3hh  p.,  205  refs.)  AD  26?  890 

This  report  presents  the  state  of  the  art  of  the  effects  of 
nuclear  radiation  on  elastomeric  and  plastic  components  and  materials 
from  19l;7  to  the  present. 

The  mechanism  of  radiation  damage  and  the  effects  of  radiation  in 
various  environments  are  briefly  discussed.  Data  summarizing  the 
radiation-effects  information  on  specific  components  and  on  the 
various  types  of  elastomers  and  plastics  are  presented  in  detail. 
Areas  in  which  additional  work  is  needed  are  indicated.  Radiation 
polymerization  or  vulcanization  are  included  only  if  the  data  have  a 
bearing  on  radiation  effects  on  the  finished  polymer. 

This  report  is  intended  to  be  sufficiently  inclusive  to  make  it 
valuable  as  a  reference  guide  on  the  effects  which  can  be  anticipated 
from  nuclear  radiation  on  elastomeric  and  plastic  canponents  and 
materials. 


58,  EFFECTS  OF  HIGH  VACUUM  AND  ULTRAVIOLET  RADIATION  CN  PLASTIC  MATERIALS. 
Norman  E,  Wahl  and  Roy  R.  Lapp.  (Cornell  Aeronautical  Laboratory, 
Inc.,  Buffalo,  New  York,  Contract  AF  33(6l6)-6267,  Report  on  Non- 
Metallic  and  Composite  Materials,  July  I960,  63  p,,  10  refs., 

WADD  TR  60-125)  AD-2U5  211L* 

»N0  AUTCMAHC  REIEASE  TO  FOREIGN  NATIONALS. 

This  study  was  concerned  with  the  behavior  of  plastic  materials 
exposed  to  simulated  conditions  of  pressure,  ten^jerature  and  near 
ultraviolet  as  encountered  outside  the  earth's  atmosphere.  Glass 
fiber  reinforced  plastic  laminates,  of  three  types,  were  ejqjosed  to 
vacua  in  the  order  of  10'*  10'^  mm  Hg  and  ultraviolet  flux  ranging 
■  from  1/3  to  2-I/2  times  the  solar  constant  of  2  calories  cm"*’  nri.n"''. 
The  periods  of  exposure  ranged  from  3  to  500  ^ours.  Jbe  equilibrium 
ten?)erature8  of  the  laminates  varied  from  250  to  U65°F  depending 
on  the  intensity  of  the  ultraviolet  employed.  After  exposure  to 
ultraviolet  radiation  equivalent  to  the  solar  constant  and  vacuum, 
for  periods  up  to  500  hours,  no  great  change  in  dimensions  or  loss 
in  weight  of  the  laminates  was  observed.  The  strength  of  the 
polyester  specimens,  however,  tends  to  increase  while  the  phenolic 
and  epory  laminates  decrease  slightly  in  strength.  Laminates  exposed 
to  ultraviolet  flux  of  U,9  calories  cm*^  min~^  and  vacuum  for  three 
hours  show  considerable  loss  in  weight  and  flexural  strength. 


59,  STUDY  0?  THE  EF.iECTS  OF  NUGIEAR  RADIATiOMS  ON  ELASTOFIERIG  COMPOUNDS 
AND  COMPOUNDING  MATERIALS.  D.  J.  Harmon,  (3.  F.  Goodrich 
Company,  Research  Center,  Brecksville,  6hio,  Contract 
AF  33(6l6)-56U6,  Quarterly  Progress  Report  Ho.  3,  l5  January  1959) 
AD  229  865 


EFFECTS  OF  QAJ-IMA  RADIATION  ON  THE  DISIECTRIC  PROPERTIES  OF  SOJ-E 

ELECTRIC  INSULATING  MATERIALS.  2.  PHENOL-FORMALDEHYDE  PLASTICS. 
K.  A,  Vodop'lanov,  B.  I,  Vorozhtsov  and  G,  I.  Potakhova.  (Izvest. 
Vysshlkh  Ucheb,  Zavedenii,  Fizika,  No,  3,  I960) 


EFFECT  OF  VACUUM  AND  ULTRAVIOLET  RADIATION  ON  POLYlffiRIC  MATERIALS.  AN 
ANNOTATED  BIBLIOGRAPHY.  Helen  ?L-,Abbott.  (Lockheed  Aircraft, Corporation 
Sunnyvale,  California,  Special  bibliography  No.  SB-61-20,  April  1961, 

26  p.,  60  refs.)  AD-256  192 

An  annotated  bibliography  is  presented,  consisting  of  60  selected 
references  on  polymeric  materials  that  have  been  investigated  under  the 
space  conditions  of  vacuum  and  ultraviolet  radiation.  The  references  are 
arranged  alphabetically  by  author.  The  following  sources  were  used: 
ASTIA,  LNSD  card  catalog.  Aeronautical  Engineering  Index:  1957-1955, 
Resins,  Rubber  and  Plastics:  1960-1955'  Nuclear  Science  Abstracts:  1959- 
195l«  Engineering  Index:  1960-1953.  Science  Abstracts:  1959-1958.  Modern 
Plastics,  and  Plastics  Technology. 


RADIATION  EFFECTS  ON  TEFLON:  AN  ANNOTATED  BIBLIOGRAPHY. 

Wllllain  L»  Hollister.  (Lockheed  Aircraft  Corporation^  Sunnyvale, 
Caiifornia,  ton  tract  AF  Oli(6l47)-8l4.0,  Report  No,  3-88-61-2, 
Special  Bibliography  No#  SB-61-65,  February  1962,  Ul  p, ) 

AD-273  135 


EFFECT  OP  RADIATION  ON  PLASTIC  FILMS.  Charles  F.  Berach.  Robert  R. 

Stromberg.  and  Bernard  G,  AnhhanynBy.  (Modem  Packaging ,  Volume  32, 

.  No.  12,  August  1959,  pp.  117-121+) 

Low-  and  high-density  polyethylenes ,  polyethylene  terephthalate , 
polystyrene,  Pliofilm,  polyvinylidene  chloride,  and  poljTnonochloro— 
trifluoroethylene  chloride  films  were  exposed  to  5.6  and  0.93  megarads 
in  order  to  study  the  relation  between  their  chemical  structure  and 
radiation  stability. 


ELECTRON  IRRADIATION  OF  POLYTHEIJE.  A.  G.  Baskett  and  C.  W,  Miller. 
(Nature,  Vol.  17U,  195U,  pp. 


DEGRADATION  OF  POLYMERS  BY  ULTRAVIOLET  IRRADIATION.  PART  I.  WHEN 
SUBJECTED  TO  RADIATION  OF  THE  "NEAR"  ULTRAVIOLET  REGION  IN  AIR. 

A.  L.  Alexander  and  F.  M.  Noonan.  (Naval  Reeearch  Laboratory. 
Washington.  D.  C..  NRL  Report  ^§57,  February  1959,  Up.)  AD  212  987 
(see  also)  AD  II49  552 

One  phase  of  a  research  program  to  develop  suitable  coatings  for 
space  vehicles  is  concerned  with  studying  the  effects  of  ultraviolet 
radiation  of  typical  polymeric  coatings  in  air.  These  coatings  may 
be  used  to  control  the  absorption  and  emission  of  radiant  energy  by 
the  underlying  bodies,  and  to  be  effective  th:.  cuauxngs  must  be 
physically  and  chemically  stable  to  the  high-altitude  environments 
in  which  they  should  serve.  The  initial  study  under  this  general 
program  required  irradiating  a  number  of  typical  polymeric  coatings 
with  a  near-ultraviolet  source  at  ambient  conditions  for  about  300 
hours.  Infrared  absorption  data  were  collected  on  the  film  samples 
before,  during,  and  after  this  exposure  to  determine  the  degradation 
brought  about  by  the  radiation.  It  was  observed  that  the  relative 
stability  to  the  polymeric  materials  idilch  were  irradiated  roughly 
parallels  their  relative  order  of  stability  to  ganma  radiation. 


NUCIEAR  RADIATION  EFFECTS  ON  ELASTOMERS.  (North  American  Aviation,  Inc 
Space  and  Information  Systems  Division,  Downey,  California, 

Report  SID-62-386,  April  1962) 


RADIATION  STABILITY  OF  PLASTICS  AND  ELASTOMERS.  C.  D.  Bopp  and 
and  0.  Sisman.  CNucleonics,  Vol.  13,  No.  7,  July  1955* 
pp.  2B-35) 


EFFECTS  OF  ICWIZING  RADIATION  UPON  TRANSPARENT  MATERIALS. 

Gregory  Arutunian  and  Fred  L.  Seppl.  (Ordnance  Tank-Autosiotive 
Command,  Detroit  Arsenal,  Center  i^ne,  Michigan,  RR**1, 

October  1959) 


EFFECTS  OF  RADIATION  ON  PLASTICS.  PART  I~POLISTYRENE  AND  RELATED 
MATERIALS.  Arthur  Bradley,  Radiation  Corporation,  Westbury, 

Long  Island,  New  !iforlc.  (plastics  Design  and  Processing,  Vol.  1, 
No.  6,  Novesiber  1961,  pp.  18-2U,  20  refs.) 

This  article  describes  work  being  done  by  Radiation  Research 
Corporation  is  studying  the  effects  of  radiation  on  ths  properties 
of  polystyrene  and  materials  related  to  polystyrene. 


70.  EFFECTS  OF  RADIATION  ON  PLASTICS.  PART  II --POLYETHYLENE,  TFE- 

FLUOROCARBON,  POLYESTER  FILM.  Arthur  Bradley,  Radiation  Research 
Corporation,  Westbury,  Long  Island,  Rew  York.  (Plastics  Design 
and  Processing,  Vol.  1,  No.  7,  December  1961,  pp.  2I4-29,  20  refs.) 

This  article  describes  work  being  done  Radiation  Research 
Coirporation  in  studying  the  effects  of  radiation  on  the  properties 
of  polyethylene,  TFE-fluorocarbon,  polyester  film  and  a 
"radiation  resistant  plastic"  developed  Igr  Bendi<  Corporation. 


71.  EFFECTS  OF  NUCLEAR  RADIATION  ON  STRUCTURAL  PLASTICS.  R.L.  Keller. 

(Society  of  the  Plastics  Industry,  Inc.,  Reinforced  t^lastics  ! 
Division,  l^th  Annual  Technical  and  Management  Conference,  Chicago, 
Illinois,  3-5  February  1959) 


72.  ELECTRICAL  PROPERTIES  OF  IRRADIATED  POLYMERS.  Ralph  E.  I/oodard. 
(U.  S.  Air  Force,  VJADC  Technical  Report  56-1*65,  <tune  195? ) 
AD-130  801 


73.  EFFECTS  OF  HIGH  VACUUM  AND  ULTRAVIOLET  RADIATION  OF  PLASTIC  MATERIALS. 
Norman  E.  Wahl  and  R.  ^pp,  Cornell  Aeronautical  Laboratory 
(U,  S.  Air  ^orce,  W!ri^t  Air  Development  Division,  Air  Research  and 
Development  Command,  Wright -Patterson  Air  Force  Base,  Ohio, 

Project  No,  73UO,  WADD  Technical  Report  60-125,  Febrviary  I960, 

63  p.,  10  refs.) 

This  study  was  concerned  with  the  behavior  of  plastic  materials 
exposed  to  simulated  conditions  of  pressure,  temperature  and  near 
ultraviolet  as  encountered  outside  the  eaz*th's  atmosphere. 


7ll.  GAI^MA  IRRADIATION  OF  FLUOROCARBON  POLYMERS  AND  SMALL  MOLECULES .  L.A.  Wall 
and  R.E.  Florin.  (United  States  Air  Force,  Office  of  Aerosoace  Research, 
Aerospace  Research  Laboratory,  ARL  62-350,  May  1962,  11  p. ) 

Sunmary  of  work  upon  the  effects  of  gamma  irradiation  on  fluoro¬ 
carbon  polymers  and  small  molecules.  Including  a  list  of  publications. 

The  subject  matter  includes  physical  properties  (principally  zero- 
strength-  times  and  tensile  strengths);  volatile  oroducts;  effects  of 
oxygen  and  chlorine  a 'mospheres;  radiation  chemistry  of  perfluorohep- 
tane,  hexafluorobenzene  and  mixtures:  sensitizing  of  radiation-induced 
polymerization;  and  yields  of  radicals  by  electron  soin  resonance. 


75.  MOLECULAR  CHANGES  IN  POLYAMIDE  AND  ELASTOMERIC  POLYMERS  DIE  TO 
NUCLEAR,  ULTRAVIOLET  AND  THERMAL  RADIAnON.  G.  Harpeaves. 

(U,  S,  Navy,  Naval  Air  Material  Center,  Aeronautical  Materials 
Laboratory,  Philadelphia,  Pennsylvania,  Progress  Report  No.  U, 
16  June-l5  December  1961,  l5  December  1961,  5  p.j  8  refs.) 
AD-272  961x1* 

»ALL  REQUESTS  REQin PE  APPROVAL  OF  Bureau  of  Naval  l-feapons. 

Navy  Department,  Washington  25,  D,  C, 


SECTION  A 


Radiation  Effects 


$•  Semiconductors 


76.  EFFECTS  OF  MUCLEAH  RADIATION  ON  SEMICONDUCTOR  DEVICES.  M.  Bertolotti. 
(Alta  Frequenza,  Vol.  30,  No.  9,  September  I96I,  pp. 

No.  12,  December  I96I,  pp.  862-872,  120^  refs.) 

The  types  of  damage  are  classified  and  the  effects  of  various 
forms  of  radiation  are  reviewed. 


77.  EF'FECT  OF  NUCLEAR  RADIATION  ON  SEMICONDUCTOR  mTERIALS.  F.  J .  Reid^ 
J,  V,  Moody  and  R.  K,  lUllardson,  (Bat telle  Memorial  institute. 
Radiation  Effects  Information  Center,  Report  No.  1, 

20  December  1957,  U8  p.)  (LC  mi$3*30,  phJ$7,80)  PB-li!7  101 

A  literature  survey  is  presented  on  radiation  effects  in  semi¬ 
conductor  materials.  Results  indicate  that  Ge  is  relatively 
radiation  resistant.  From  1  to  30  ohm-cm  Ge  the  minority-carrier 
lifetime  and  the  conductivity  begin  to  be  affected  at  about  10 
fastneutrons/sq  cm.  Less  pure  Ge  ( <  1  ohm-cm)  gives  greater 
radiation  resistance,  3l  appears  to  be  less  radiation  resistant 
than  Ge  by  as  much  as  a  factor  of  2, 


76.  EFFECT  OF  NUCLEAR  RADIATION  ON  SEMICONDUCTOR  DEVICES. 

(Battelle  Manorial  Institute,  Radiation  Effects  Information 
Center,  Columbus,  Ohio,  REIC  Report  No,  10,  30  April  I960) 
AD-2U0  ii33 


79.  EFFECT  OF  MJCIEAR  RADIATION  ON  SEMICONDUCTOR  EEVICES.  FIRST  ADiElTOlM. 
F.  J.  Reid,  (Battelle  Memorial  Institute,  Radiation  Effects 
TnfomiatiFn  Center,  Columbus,  Ohio,  REIC  No,  10,  Addendum  No.  1, 

15  July  1961,  36  p.)  AD-262  081 


80.  EFFECTS  OF  CONTINUOUS  GAMMA  RAY  OR  FdLSH)  NEUTRON  RADIATION  ON 
SEMICONDUCTOR  DICDES.  Howard  L.  Steele.  (Boeing  Airplane 
Company,  Seattle,  Washington,  02-212^,  1959^  36  p.)  AD  2kS  137 

The  results  of  ten  different  diode  types  exposed  to  continuous 
game  radiation  and  pulsed  neutron  plus  ganna  radiation  is 
presented. 


81.  RADIATION  E'-TEGTS  DATA  SHEETS  ON  TUBES,  RESISTORS,  CAPACITORS, 

AND  SEICtCONDrCTORS.  (Electrical  Manufacturing,  Vol.  63,  No.  2, 
February  1959,  op.  112-117) 


82.  BEHAVIOR  OF  SEIICONDUCTOR  AND  MAGNETIC  MATEtdALS  IN  RADIATION 
ENVIRONMENT.  A.  Boltax.  (Electrical  Manufacturing,  Vol  63, 
No.  3»  March  1^59 t  p.  92) 


83.  RESRARCH  IN  RADIATION  DAMAGE  IN  SEMICONDUCTORS.  J.  W.  Hsrrlty. 

H.  Horlye  and  others.  (General  Dynamics  Corporation,  General 
Atomic  Division,  San  Diego,  California,  Contract  AF  19(60]4)-3899, 
Report  No.  GA-1201,  Final  Report,  15  May  1958-15  December  1959, 

10  February  I960,  1  Vol,,  AFCRC  TR  60-117)  AD-235  017 

An  experimental  program  was  initiated  to  study  the  effect  of 
irradiation  on  semiconducting  materials  and  to  apply  this  knowledge 
to  fabricate  a  radiation-resistant  diode.  High-energy  25-mev 
electron  bombardment  done  with  the  linear  accelerator  and  neutron 
bombardment  done  with  the  TRIGA  reactor  were  used  to  study  the 
electrical  properties  of  germanium  and  silicon  as  a  function  of 
total  irradiation  between  78°  and  300®K.  The  electrical  properties 
studied  were  the  conductivity.  Hall  effect,  and  carrier  lifetime. 
The  carrier  removal  rate  was  found  to  be  ij.O  elegtrons  per  centi¬ 
meter  of  25-mev  electron  path  in  germanium  at  78  K,  compared  with 
0.18  in  silicon  at  300 °K.  Two  hole-trapping  levels  were  found  in 
germanium  with  energies  above  the  valence  band  of  g, 15  and  0.27  ev. 
Evidence  of  annealing  was  also  observed  between  78  K  and  room 
temperature  in  geimanlum.  The  result  of  these  studies  was  the 
fabrication  of  a  radiation-resistant  diode  using  p-type  germanium 
with  a  resistivity  of  about  0,20  ohm-cm  as  the  base  material. 


81*.  SEMICONDUCTOR  DIODE  PERFORI''IANCE  IN  NUCLEAR  RADI/.TI0N  ISJVI RON? ENTS. 

H.  G.  Homre  and  M.  E.  Goldberg.  (Illinois  Institute  of  Technology, 
Amour  Research  Foundation,  Chicago,  Illinois,  /tRF-5l3ii-8, 

Interim  Scientific  Report  No.  1,  15  November  I960) 


85.  RADIAIION  EFFECTS  IN  SEI-1IC0NDUCT0R3:  TIERM/i  Ca'IDUCTIVITY^ AND 

THERMO I'liEG TRIG  POWER.  T.  (Journal  of  Applied  Physics, 

Vol.  30,  August  1959,  pp.  1155- ll5?) 


86. 


NATURE  OF  BOMBAHDPffiNT  DAMAGE  AND  ENERGY  LEVELS  IN  SEI-HCONDUCTORS. 

J.  H.  Crawford.  Jr.  and  J.  W.  Cleland,  (Journal  of  Applied 
Physics,  Vol.  30,  August  1959,  PP»  120lt“1213) 

The  different  effects  of  Co^°  gamma-ray  and  fast  neutron 
bombardment  on  the  electrical  behavior  of  Ge  are  discussed  in 
terns  of  different  local  distributions  of  lattice  defects  expected 
for  these  two  types  of  radiation. 


87.  SEMICONDUCTORS  IN  A  HYPERNUCLEAR  ENVIRONMENT.  Leona^  B.  Gardner 
and  Alvin  B.  Kauftaan.  (Litton  S^jratems,  Inc . ,  Woodland  Hi  11s , 
California,  Contract  AF  33(600)-UlU52,  August  196I,  p., 

17  refs.,  ASD  TN  6I-IOO)  AD-267  32U 

Operating  characteristics  of  different  types  of  transistors 
and  diodes  were  examed  during  their  exposure  to  a  hypemuclear 
environment.  They  were  selected  on  the  basis  of  high  alpha 
cutoff  frequency,  small  base  width,  and  low  resistivity,  and 
included  both  silicon  and  germanium  NPN  and  PNP  types.  This 
total  integrated  exposure  was  accumulated  during  100  hours  in  the 
GTR  (Ground  Teat  Reactor)  facility.  The  purpose  was  to  find 
semiconductor  devices  suitable  for  application  within  a  servo- 
aB?)lifier  used  as  part  of  Litton 's  Nd  inertial  guidance  platform. 
Characteristics  which  were  of  interest  were  the  dc  and  ac  beta 
at  UOO  c  and  the  low  collector  currents  as  a  function  of  exposure 
to  the  nuclear  environment.  All  semiconductors  tested  and  their 
observed  characteristics  before,  during,  and  after  irradiation 
are  discussed. 


88.  RADIATION  EFFECTS  IN  SEMICONDUCTORS.  Gunther  Wertheim.  Bell  Telephone 
Laboratory,  Murray  Hil],  New  Jersey.  (Nucleonics.  Vol.  20,  No.  7, 
July  1962,  pp.  U7-^0,  10  refs.) 

Irradiation  affects  resistivity  and  reduces  carrier  lifetime: 
it  causes  ionization,  which  consumes  most  of  the  energy  but  leaves 
no  pemanent  damage,  and  displacements,  which  are  the  source  of 
permanent  damage  in  semiconductors. 


89.  RADIATION  EFFECTS  IN  Se-IIGONDUCTOR  DEVICES.  James  W.  Easley.  Sandia 

Corporation,  Albuquerque,  New  Mexico.  (Nucleonics,  Vol.  20.  Wo.  7, 
July  1962,  pp.  28  refs.) 

Device  behavior  is  influenced  by  transient  ionization  effects 
and  more  permanent  changes  that  come  from  both  the  radiation 
production  of  lattice  imperfections  and  the  alteration  of  surface 
properties. 


90.  radiation  EFPECTS  in  compound  SEMICONDUCTORS.  L.  V.  Aukerman. 

(Proceedings  of  the  Second  Conference  on  Nuclear  Halation  Effects 
on  Semiconductor  Devices,  Materials  and  Circuits,  I960,  pp.  26-30) 

The  number  of  carriers  removed  per  incident  neutron  are  com¬ 
pared  for  the  following  materials:  SiC,  Si,  GaAs,  InP,  Ge,  AlSb, 
GaSb,  and  CdTe.  Analysis  of  post-irradiation  measurements 
indicated  bombardment-produced  levels  in  AlSb  at  0.33  ev  above  the 
valence  band,  in  InP  at  0.28  ev  below  the  conduction  band,  and  in 
GaAs  at  about  O.llj  ev  below  the  conduction  band.  Below  room 

temperature  (»■  2?0  K)  at  **mobility  catastronhy"  was  observed  in  an 
irradiated  GaAs  specimen.  High  temperature  annealing  studies 
carried  on  GaAs  indicate  an  annealing  process  at  about  300  C,  and 
further  annealing  above  UOO  C« 


SEMICONDUCTORS  AND  SPACE  RADIATION.  Leonard  B.  Gardner.  Litton 

Systems,  Inc.,  Radiation  Effects  Group,  Computer  Research  Section, 
Woodland  Hills,  California,  (Solid  State  Design,  Vol.  3, 

April  1962,  pp.  U2-U6,  12  refs. ) 

The  mechanisms  of  radiation  damage  in  semiconductors  are 
summarized.  The  space  radiation  environment  is  defined.  Some  of 
the  difficulties  of  ascertaining  the  severity  of  the  space 
radiation  are  presented, 

A  criterion  for  the  selection  of  semiconductors  for  applic  ation 
in  a  space  radiation  environment  is  presented.  No  attempt  is  made 
to  correlate  the  observed  damage  in  a  neutron  environment  with 
that  of  a  proton  environment.  Included  with  the  selection  criteria 
is  a  table  of  several  recently  developed  semiconductors,  listed 
according  to  their  resistance  to  space  radiation. 


.  DAMAGE  TO  SEMICONDUCTORS  FROM  SPACE  RADIATION.  W.  L.  Brown. 

(Space-Nuclear  Conference,  Sponsored  by  American  Rocket  Society 
and  Oak  Ridge  National  Laboratory,  Gatlinburg,  Tennessee, 

3-5  May  1961,  Preprint  1755-61,  22  p.) 


CHARGED  PARTICLE  RADIATION  DAMAGE  IN  SEMI-CONDUCTORS,  1:  EXPERIMENTAL 
PROTON  IRRADIATION  OF  SOLAR  CELLS.  J.  M.  Denney  and  R.  G.  Downing. 
(Space  Technology  Laboratories,  Inc,,  Los  Angeles,  California, 
8987-OOOl-RU-OOO,  NAS '5-613,  15  September  I96I) 

The  effect  of  proton  bombardment  on  solar  cells,  particularly 
silicon,  has  been  measured  experimentally  at  proton  energies  from 
20,5  Mev  to  7U0  Mev,  Conparison  of  cell  type,  cell  geometry,  and 
parent  material,  as  well  as  cxirrent-voltage  characteristics, 
.spectral  response,  and  current  decay,  with  integrated  flux  at  four 
proton  ener^es  is  presented.  The  control  of  radiation  resistance 
by  oxygen  and  other  factors  is  discussed,  and  the  observation  of 
annealing  in  n  on  p  cells  at  room  temperature  is  noted,  Ciirves 
summarizing  radia^on  dajnage  rates  for  power  supply  design  are 
presented. 


.  THEORETICAL  AMD  EXH^RIMROTAL  STUDIES  CONCERNING  RADIATION  ttUiAGE  IN 
SELECTED  COMPOUND  SEMICONDUCTORS.  L.  W.  Aukerman.  E.  M,  Daroody 
and  R.  D,  Graft,  (U,  S,  Air  Force,  Wight  Development  Division, 
15  May  1961,  16  p.)  ad-256  3LiO 

Anomalously  low  mobilities  produced  in  n-type  GaAs  as  a  result 
of  fast-neutron  irradiation  are  interpreted  in  terms  of  in- 
homogenities  in  the  carrier  concentration.  The  very  steep 
temperature  dependence  of  mobility  is  still  a  puzzling  feature  of 
these  irradiations.  Annealing  of  electron-irradiated  n-type 
GeAs  can  be  analyz^  in  terms  of  two  first-order  processes. 


SECTION  A 


Radiation  Effects 


6.  Solar  Cells 


95.  PERFORMANCE  OF  SILICON  SOLAR  CELLS  AT  HIGH  LE\^IS  OF  SOLAR  RADIATION. 
C^,  Pfeiffer^  P.  Schoffer,  B,  G,  Spars  and  J.  A,  Duffle.  (ASME 
Transactions,  S<5ries  A,  Journal  of  EngineeSng  for  Power,  Vol,  81^- 
No.  1,  January  1962,  pp.  33-38) 

Current-voltage  characteristics  of  silicon  solar  cells  cooled 
by  conduction  or  convection  at  radiation  levels  up  to  60  langleys 
per  minute  are  noted,  as  well  as  the  use  of  cells  as  flux  measuring 
devices. 


96.  rWW  R.ADIAnON-HESISTANT  HIGH  EFFICIENCY  SOLAR  CELL.  B.  Mandelkom 
and  others.  (Army  Signal  Research  and  Development  Laboratory, 
Foirt  Monmouth,  New  Jersey,  Tectinical  Report  2153,  October  I960) 
AD-2U7  18U 


97.  PROTON  i\ND  .lECTRON  DAMAGE  TO  SOLAR  CELLS.  L.  W.  Aukerman. 

(Battelle  Memorial  Institute,  Radiation  Effects  information 
Center,  Columbus,  Ohio,  Report  No.  23,  1  April  1962,  30  p., 
82  refs.)  aD  27h  9$k 


The  results  of  experiments  carried  out  at  a  number  of 
laboratories  to  determine  the  effects  of  proton  and  electron 
irradiation  on  the  performance  of  solar  cells  are  sumnarized* 
Most  of  the  studies  were  concerned  with  silicon  cells  which 
utilize  a  p-n  junction  close  to  the  surface;  although,  some 
preliminary  results  for  GaAs  solar  cells  are  also  included* 

The  results  of  many  laboratories  are  compared  in  a  vs 

plot,  where  is  the  integrated  proton  flux  required  to  reduce 


the  efficiency  of  the  silicon  solar  cell  by  25  per  cent  under 
conditions  of  approximately  100  im/cm^  artificBl  illumination, 
and  E  is  the  proton  energy.  The  trend  suggests  that  the 


expected  proportionality  between  0  and  E  holds  for  energies 

e  p 

up  to  about  200  Mev  or  higher#  The  effects  of  radiation  damage 
on  the  spectral  response  are  also  discussed  and  the  experiments 
interpreted  in  terns  of  radiation-damage  theory,  where  possible. 


98.  ELECTRONIC  IRRADIATION  OF  SILICON  SOLAR  CivLLS.  J.  G.  Fraser, 
(General  Electric  Compary^  General  Engineering  Laboratory, 
&hnectady,  New  York,  Report  60(^11^3#  August  I960) 


99.  ESTIMATE  OF  SPACE-RADIATION  EFFECTS  ON  SATELLITE  SOLAR-CELL  PC^'ER 
SUPPLIES.  J.  M«  Dcnney«  R.  G.  Downlng<  S.  R.  Lackman  and 
J.  W.  Oliver,  Space  Technology  Laboratories,  Inc.,  Los  Angeles, 
iRE  iransactions  on  Military  Electronics,  Vol,  MIL-6,  No.  1, 

January  1962,  pp.  lU-20,  8  refs.) 

The  charged-particle  intensity  and  energy  distribution  at  the 
heart  of  the  inner  and  outer  Van  Allen  belts  is  compared  with  the 
experimentally  determined  radiation  sensitivity  of  silicon  solar 
cells.  Energy  dependence  of  the  radiation  damage  and  solar-cell 
characteristics  is  inclixied  in  the  lifetime  estimate  of  spacecraft 
solar  cells.  Use  of  charged-particle  range-energy  relations  and 
the  differential  intensity  of  the  Van  Allen  radiation  results  in  an 
estimated  effectiveness  of  thin  protective  shields.  Comparative 
advantages  of  thin  shields,  advanced  cell  designs,  solar  efficiency, 
and  solar-cell  system  over-design  are  discussed  with  respect  to 
radiation  resistance  of  ^acecraft  power  supplies. 


100.  RADIATION  EFFECTS  IN  3ILIC®  SOLAR  CELLS.  F.  A.  Junga  and 

G.  M,  Enslow,  (IRE  Transactions  on  Nuclear  Science,  Vol.  NS-6. 
No.  2,  June  1959,  PP.  1^9-53)  ^ 

Estimate  of  the  number  of  atoms  displaced  from  nomal  sites 
by  Compton  electrons  from  Co*®  gamma  rays  and  by  slow  and  fast 
neutrons.  Changes  in  carrier  lifetimes  and  mobilities  are  used 
to  predict  the  performance  of  a  Si  solar  cell  under  gamma  and 
neutron  irradiation.  Effect  of  annealing  is  considered. 


101.  PROTON  DAMAGE  TO  SOLAR  CELLS.  K.  T.  Cham  and  E,  A. 

(Lockheed  Aircraft  Corporation,  Missile  and  i^pace  iM. vision, 
Sunnyvale,  California,  Report  LMSD— 703735,  July  I960) 


102.  PROTON  DAMAGE  TO  SOLAR  CELLS,  K,  T.  Chow  and  E,  A,  Lodi.  (Lockheed 

Aircraft  Corporation,  Sunnyvale,  California,  Contract  AF  0U(6U7)-561i, 
Report  No,  IMSD-703735-1,  Technical  Report,  August  1961,  31  p.) 

AD-265  213 

The  performance  was  evaluated  of  commercially  available  silicon 
solar  cells  which  are  to  be  used  as  a  power  source  in  the  space 
radiation  field  surrounding  the  earth.  The  experiment  was 
specifically  designed  to  provide  information  on  the  proton 
radiation  encountered  by  solar  cells  operating  in  space.  The 
results  indicated  that  a  25^  reduction  in  maximum  power  output  of 
the  cell  occurred  at  integrated  fl.uxes  of  approximately  5  x  10  to 
the  9th  and  10th  power  protons/sq  cm  for  3-Mev  and  13-Mev  protons, 
respectively.  The  cells  were  further  irradiated  to  obtain  a 
reduction  in  maxLmxan  power  output  of  about  UO  to  50^.  Room- 
temperature  annealing  of  the  cells  was  observed  for  a  period  of 
four  weeks  with  no  significant  changes  occurring.  The  proton 
source,  the  apparatus  for  measuring  the  electrical  output  of  the 
solar  cell,  and  the  results  of  the  ej^jeriment  are  presented. 
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103.  evaluation-development  op  MIL-C-11;157B  CAPACITORS  FOR  NUCLEAR 

RADIATION  ENVIRONMENrS.  (Admiral  Corporation,  Chicago,  Illinois, 
Contract  NObsr-77612,  Pinal  Development  Report,  21  August  1961, 

123  P.)  D-265  0l;6 

The  performance  is  presented  of  the  type  CPM08  paper  or  paper/ 
plastic  dielectric  capacitor  in  a  combined  nuclear-temperature- 
voltage  environment.  The  principal  causes  of  failure  discovered 
as  a  result  of  the  environmental  test  of  the  standard  CPM08 
capacity  were:  gas  evolution  and  a  volume  resistivity  decrease  of 
the  dielectric  fluid,  embrittlement  of  the  paper  and  hydrolytic 
degradation  of  the  Mylar,  E-200  capacitors  performed  exceptionally 
well  in  the  environmental  test  with  insignificant  change  in 
capacitance  and  dissipation  factor.  This  was  also  the  case  for 
Stmica  dielectric  film  capacitprs  impregnant  e^bited  the  best 
survival  rate;  however,  changes  in  capacitance,  dissipation  factor 
3nd  insulation  resistance  in  the  irradiated  group  were  excessive. 
Isocyanate  treated  Mylar  units  failed  very  rapidly.  It  appears  that 
the  Mylar  was  not  properly  prepared  to  take  advantage  of  the 
iii?)roved  properties  of  the  isocyanate  treatment  of  Mylar, 


IOI4.  EFFECTS  OF  NUCLEAR  RADIATION  ON  QUARTZ  CRYSTAL  UNITS.  Arthur  Donovan, 
Albert  Fu^yo  and  Arnold  Sshlueter,  (Admiral  Corporation, ■ Chicago, 
Illinois,  Contract  bA  36-039-80-85322,  Report /No,  1,  23  May  1960- 
22  August  1961,  30  September  I96I,  1  Vol.)  J^268  U09* 

aNo  automatic  release  to  Foreign  Nationals. 

The  effects  of  pulsed  neutron  radiation  on  the  operating 
characteristics  of  quartz  crystal  units  were  studied,  A  system  was 
set  up  for  accurately  measuring  the  transient  frequency  changes 
occurring  in  quartz  crystals  exposed  to  short-duration  (5  micro¬ 
seconds)  high.^ensity  radiation  fields,  A  20-Biicroseconds  portion 
.  of  the  crystal  iiq}edance  meter  output  before,  during,  and  after 
irradiation  was  photographed  from  the  scope  presentation,  A  fast 
neutron  dose  rate  equivalent  to  10  to  the  l^th  power  NV  was  obtained 
by  bombarding  a  luranium  target  for  5  microseconds  with  a  ll^  mev 
electrons  from  a  linear  accelerator.  The  90  crystal  samples 
tested  were  mainly  AT  types  ranging  from  U  to  85  me  and  2  NT  cuts 
at  50  and  300  kc,  inducing  natural  and  synthetic  blanks  and  both 
metal-  and  glass-enclosed  types.  Tables  of  frequency  measurements 
and  graphical  presentations  of  data  for  all  types  tested  are 
Included* 


105.  1-niAT  RADIATION  DOES  TO  ELECTRONIC  COMPONENTS.  S.  P.  Kaprielyon. 
(Aircraft  and  Missiles,  January  I960,  pp,  lti-21; 


106.  EFFECTS  OF  NUCLEAR  RADIATION  ON  THE  ELECTRICAL  STRENGTH  OF  AIR. 

G.  I.  Duncan,  General  Electric  Company,  Ft.  Wayne,  Indiana  and 
J.  C.  Fraser  and  B.  Valachovic,  General  Electric  Company, 
Schenectady,  New  Yorkl  (AIEE  Transactions,  Part  I,  Communications 
and  Electronics,  Vol.  79,  March  I960,  pp.  19-26,  1  ref.) 

With  the  emphasis  today  upon  extended  environmental  conditions 
for  electronic  equipment  used  in  military  aircraft  and  guided 
missiles,  there  is  a  pressing  need  for  the  simultaneous  testing  of 
such  equipment  under  two  or  more  of  these  extreme  environments. 
This  paper  describes  a  program  completed  by  the  General  Electric 
Company  covering  the  testing  of  spark  gaps  in  the  Brookhaven 
National  Laboratory's  graphic  reactor.  It  consisted  of  a  2-ueek 
in-pile  exposure  designed  to  investigate  the  voltage  breakdown 
strength  of  air  at  various  pressures  in  the  presence  of  intense 
nuclear  radiation. 


107.  RAD lAT ION— TOIE RANT  ELECTRONIGS.  R.  M.  Magee  and  D.  A.  Renken. 
(AIEE  i960  Pacific  General  Meeting,  10  August  1$60,  Paper 
No.  60-1118) 


108.  COMPARISON  OF  TRANSIENT  EFFECTS  IN  ELFDTRONICS  OBTAINED  WITH 

DIFFERENT  NUCLEAR  PULSES.  P.  R.  Arendt.  (America^  Nuclear 
Society  Transactions,  Vol.  U,  No.  1,  June  1961,  pp.  27-28) 


109.  RADIATION  DAMAGE  TO  UNIPOLAR  TRANSISTORS.  R.  V.  Babcock. 

(American  Nuclear  Society  Transactions,  Vol.  U,  No.  1, 
June  1961,  pp.  60-61 ) 


110.  STRUCTURAL  DAMAGE  AND  OTHER  EFFECTS  OF  SOLAR  PLA3IAS,  L.  Reiffel, 
Armour  Research  Fotuidation,  Chicago,  Illinois.  (ARS  Journal, 

Vol.  30,  No.  3,  March  i960,  pp.  2^-262,  29  refs.) 

For  orbits  or  trajectories  that  carry  large  area  lightweight 
structures  outside  of  protected  regions  of  space  defined  by 
planetary  magnetic  fields,  the  damaging  effects  of  solar  plasma 
streams  are  shown  to  be  potentially  serious  and  may  result  in  low 
durability  or  high  payload  penalties.  Estimates  ^ven  depend 
directly  on  plasma  stream  densities,  and  velocities  which  are  only 
very  approximately  known.  However  a  reduction  by  one  order  of 
magnitude  or  more  in  widely  held  current  estimates  of  the  properties 
of  the  solar  plasma  would  still  imply  a  considerable  effect  on 
particular  structural  materials.  Substances  used  as  thin  coatings 
on  more  massive  structures  would  be  similarly  affected. 


lU.  EFFECTS  OF  SOLAR  RADIATION  PRESSURE  UPON  SATELLITE  ATTITUDE  CONTROL. 

^  J.  McElvaln.  (ARS  Ouidance,  Control  and  Navigation  Conference 
Stanford,  California,  7-9  August  196I,  Preprint  1918-61,  26  p.) 

Study  of  the  effects  of  torques  due  to  solar  radiation  pressure 
acting  on  satellite  vehicles.  Expressions  are  developed  for  two 
cases  of  practical  interest;  spin-stabilized  vehicles,  and  vehicles 
with  solar  arrays  and  active  attitude  control  systems  which  orient 
the  vehicle  in  an  Earth-Sun  reference.  The  results  indicate  that 
the  solar  pressure  may  cause  torques  that  are  either  periodic  or 
constant  with  respect  to  inertial  space,  depending  on  the  orbital 
inclination  to  the  ecliptic  plane,  the  orientation  requirements, 
and  the  vehicle  configuration.  The  approximate  solutions  can  be 
used  to  determine  the  vehicle  angular  momentum  storage  and/or 
removal  requirements  resulting  from  solar  radiation  torques. 


112.  NUCLEAR  RADIATION  AND  EIECTRONIC  EQUIPMENT.  J.  R.  Crittenden. 

(Applications  and  Industry,  No.  U6,  Januar3n!95o7pp7~!l23^26) 

Suggestions  for  designing  radiation-tolerant  electronic 

®re  given  as  follows:  Keep  resistance  values  low. 
Use  materials  compatible  with  the  environment.  Avoid  large 
capacitor  values.  Keep  the  circuit  simple. 


113.  EFFECTS  OF  NUCLEAR  RADIATION  ON  NIKE  HERCUIES  GUIDANCE  SYSTEM. 

rniliam  A.  Conway  and  C.  D.  Hurd.  (Army  Missile  Test  Center. 
T'.'hite  Sands  Missile  Range,  New  Mexico,  Technical  Memo  791 
December  I960)  * 


liu.  TRANSIENT  EFFECTS  OF  PULSE  NUCLEAR  RADIATION  ON  ELECTRONIC  PART’S  AND 
MATERIALS.  A.  L.  Long  and  H«  J,  Deganhart.  (Army  Signal  Research 
and  Development  Laboratory,  Port  Mormouth,  New  Jersey,  Technical 
Report  2007,  20  January  1959)  AD-227  502 


115,  EFFECTS  OF  PULSED  NUCLEAR  RADIATION  ON  ELECTRONIC  MATERIALS. 

Erik  G.  Linden  and  Alton  L.  Long.  (Army  Signal  Research  and  Develop- 
ment  Laboratory,  Fort  Monmouth,  New  Jersey,  ASRDL  TR  2030,  1  October 
1959,  38  p.)  AD-  235  666L^ 

^;-Notice:  Only  Military  Offices  may  request  from  Aatia.  All  others 
request  approval  of  U.S.  Army  Signal  Research  and  Development 
Laboratory,  Fort  Monmouth,  New  Jersey. 

A  static  study  was  conducted  on  various  materials  of  the  effects 
on  electrical  properties  of  pulses  of  nuclear  radiation  from  the 
Godiva  reactor. 


116.  PRELIMINARY  OBSERVATIONS  ON  A  PARTICULAR  EFFECT  OF  NUCLEAR 

RADIATIONS  ON  ELECTRODE  PROCESSES.  L.  Busulinl.  (Associated 
Technical  Services  Incorporated,  East  Orange.  New  Jersey, 
ATS-73N5U1,  1961,  2  p.) 


117.  R.\DIATION  EFFECTS  ON  COMPUTER  CIRCUITRY.  Albert  Lucic.  (Autonetics, 
A  Division  of  North  American  Aviation,  Inc.,  Anaheim,  California, 
Report  TM-33U1-10-3,  7  November  1961,  50  p,,  22  refs.) 


118.  EF;®CT  of  NUCLEAR  R.ADIATION  ON  ELECTxRONIC  COMPONENTS  AMD  SY3T.'iMS. 
(Battelle  I'femorial  Institute,  Radiation  Effects  Information 
Center,  Columbus,  Ohio,  REIC  Report  No,  2) 


119.  EFFECT  OF  MCLEAR  RADIATION  ON  CERAIilC  MATiiRIALS.  ¥.  C.  Riley, 

Q,  Coppins,  ¥.  A,  Redden  and  H.  Duclnrorth.  CBattelle 
Memorial  institute.  Radiation  Effects  Information  Center, 
Columbus,  Ohio,  REIC  Report  No,  2-C,  30  June  1958,  02  p,, 

535  refs.,  sf:cret)  ad-157  173 

This  report  presents  the  state  of  the  art  on  the  effects  of 
nuclear  radiation  on  ceramic  materials  through  1957. 

The  various  ceramic  materials  likely  to  be  required  in  a 
nuclear-powered  vehicle  are  described,  and  the  available 
information  concerning  the  effects  of  nuclear  radiation  on  these 
materials  is  analyzed. 


120.  EiiTECT  OF  NUCLEAR  RADIATION  ON  FJECTRICAL  AND  ELECTRONIC  SYSTEMS. 
(Battelle  Memorial  Institute,  Radiation  Effects  Information 
Center,  Colunibus,  Ohio,  REIC  Report  No,  U-C,  15  March  I960, 
SECRET  RESTRICTED) 


121.  EFFECT  OF  NUCLEAR  RADIATION  ON  STRUCTURAL  METALS.  B.  C.  Allen. 

A.  K,  Wolff  and  others,  (Battelle  Memorial  Institute,  Radiation 
Effects  Information  Center,  REIC  Report  No,  5»  12  October  1959* 
p.) 

General  effects  of  various  types  of  radiation  on  metals  are 
discussed  and  the  damage  mechanisms  are  outlined.  Describes 
the  effects  of  fast  neutrons  on  the  physical  and  electrical 
properties  and  corrosion  resistance  of  metals.  Experimental 
evidence  to  date  indicates  that  structural  metals  are  quite 
resistant  to  nuclear  radiation  when  compared  to  such  things  as 
organic  compounds  or  electronic  components. 


122.  EFFECT  C(F  NUCLEAR  RADIATION  ON  SEALS ,  GASKETS ,  AND  SEALANTS. 

N.  J.  Broadway  and  S.  Palinchak.  (Battelle  Memorial  Institute, 

Radiation  Effects  Information  Center,  Colxunbus  1,  Ohio, 

AP  33(616)-5171,  Technical  Menorendvun  No.  8,  30  November  1958, 

9  p.,  16  refs.) 

In  a  nuclear-powered  vehicle,  sealing  materials  such  as  gaskets, 
O-rings,  and  sealants  must  be  re'-iistant  to  radiation  in  addition  to 
being  stable  to  heat,  oils,  fuels,  and  hydraulic  fluids.  At  present, 
there  is  no  rubber  or  plastic  sealing  material  available  which  has 
high  radiation  stability.  However,  several  materials  may  be  utilized 
for  limited  service  in  a  radiation  environment.  Some  of  the  more 
recent  fluoroelastomers,  such  as  Viton-A  and  Elastomer  214,  and 
some  of  the  silicones  appear  to  be  among  the  better  high-temperature 
radiation  resistant  materials  available.  However,  rubber  and 
plastics  such  as  nitrile  rubber,  neoprene,  and.  polyethylene  may  be 
used  under  less  severe  temperature  conditions  in  a  radiation  environment. 


123.  EFFECT  OF  NUCLEAR  RADIATION  ON  ELECTRONIC  COMPONENTS.  D.  J.  Hamman, 
W.  E.  Chapin,  J.  F.  Hansen  and  E.  N.  Vyler,  (Battelle  Memorial 
Institute,  Radiation  Effects  Information  Center,  Columbus,  Ohio, 
REIC  Report  No.  12,  30  April  I960,  66  p.,  91  refs.)  AD  238  311 

This  report  presents  information  to  cover  the  state  of  the  art 
of  knowledge  on  the  effects  of  nuclear  radiation  on  basic 
electronic  parts  for  the  past  year.  It  attempts  to  relate  the 
observed  degradation  of  electrical  characteristics  of  each 
device  to  the  materials  used  in  the  construction  of  the  device. 

The  statements  made  in  the  report  are  not  intended  to  be  design 
oriented,  but  rather  to  survey  the  relative  radiation  sensitivity 
of  electronic  components  and  to  provide  a  basis  for  judging  the 
merits  of  any  technical  approach  for  applying  electronic  circuitry 
in  a  radiation  environment.  The  report  contains  an  expanded 
section  on  electron  tubes  and  contains  information  on  electronic 
pazi;s  that  have  not  been  considered. 


121*.  EFFECT  OF  NUCLEAR  RADIATION  ON  MAGNETIC  MATERIAI5.  F.  J.  Reid  and 
J.  W.  Moody,  (Battelle  Memorial  Institute,  Radiation  Effects 
Infonnatl^  Center,  Columbus,  Ohio,  Contract  AF  33(6l6)-5l71, 
Technical  Memorandum  No.  12,  31  December  19^8,  11^  p. ,  lU  refs.) 


Structure  sensitive  properties  of  magnetic  materials,  such  as 
permeability,  remanence,  and  coercive  force,  are  affected  by  nuclear 
irradiation.  These  effects  are  most  seidous  in  the  nickel-iron 
alloys,  and  irradiations  to  10^^  fast  n  cm“^  are  sufficient  to 
cause  drastic  changes  in  their  magnetic  properties.  The  properties 
of  silicon  irons,  aluminum  irons,  2V  Permendur  and  several  ferrites 
are  not  seriously  affected  up  to  10^^  fast  n  cm“2.  Magnetic  ampli¬ 
fiers  have  been  operated  successfully  up  to  lCp-5  fast  n  cm"2  with  no 
damage  observed  in  the  core  materials. 

This  memorandum  Includes  a  list  of  current  programs  that  the 
Radiation  Effects  Information  Center  has  identified  as  being 
related  to  radiation  effects  on  magnetic  materials. 
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.  EFFECT  OF_IJUCI£AR  RAD]>,TION  ON  PROTECTIVE  COATINGS.  R.  Mayer, 

N,  J,  Broadway  and  S.  PaUnchak.  (Battelle  Memoilll  inkit ute. 
Radiation  Effects  inlorraation  Center,  Columbus,  Ohio,  Renort 
HEIC  No.  13.  15  July  I960)  *  '' 


126.  EFFECT  OF  NUCLEAR  RADIATION  ON  ELECTRICAL  INSIILATIFIG  MATERIALS. 

J.  W.  Moody,  (Battelle  Memorial  Institute,  Radiation  Effects 
Information  Center,  Memoranda  No,  lU.  31  March  1959) 


127.  EFFECT  OF  NUCLE;\R  RADIATION  OF  HOSES  AITO  COUPLINGS.  M,  G,  Schroeder. 

(Battelle  Memorial  Institute,  -  Radiation  Effects  Information  Center, 
^IC  Memorandvun  15,  31  March  1959#  3  P*#  5  refs.) 

This  report  summarizes  the  results  of  the  relatively  few 
experiments  conducted  so  far  on  the  effects  of  nuclear  radiation 
on  standard  aircraft  hoses  and  couplings.  It  does  not  include 
the  results  of  studies  on  the  solid  organic  materials  themselves 
normally  used  in  hose  manufacture. 


128.  EFFECT  OF  NUCLEAR  RADIATION  ON  REFRIGERANTS.  Robert  E.  W!yant. 

(Battelle  Memorial  Institute,  Radiation  Effects  Information 
Center,  Columbus,  Ohio,  REIC  Memorandum  16,  30  June  1959# 

6  p.,  Ill  refs.) 

This  memorandum  sunroarizes  the  information  available  at  REIC 
on  the  radiation  stability  of  the  common  refrigerants.  For 
most  of  the  refrigerants  only  a  meager  amount  of  information  is 
now  available. 


129.  BFFECT  OF  NUCIEAR  RADIATION  ON  STRUCTURAL  ADFIESIVES.  N.  J.  Broadway 
and  S.  Palinchak,  (Battelle  Memorial  Institute,  Radiation  Effects 
Information  Center,  REIC  Report  No.  17,  1  March  1961 )  AD-256  9^h 

Shmmarizes  the  radiation  stability  of  adhesives  and  suggests 
the  areas  in  which  further  work  is  required.  The  radiation 
stabilities  of  various  types  of  adhesives  which  have  been  reported 
are  compared,  showing  the  maximum  doses  at  which  they  may  be 
expected  to  give  satisfactory  service.  Tensile-shear  data  are 
used  primarily  for  these  comparisons  because  this  information  has 
been  obtained  for  the  greatest  number  of  adhesives.  Bend-test 
data  are  also  used  as  a  means  of  comparison  where  such  data  are 
available. 


130.  effect  of  NUCIEAR  radiation  on  ELECTR(»JIC  components.  D.  J.  Haitman. 

W«  E,  Chapin.  C.-L.  and  E«  N.  %ler.  (Battelle  Memorial 

Institute,  iiadiation  Effects  Information  Center,  Columbus,  Ohio, 
Contract  AF  33(6l6)-7375,  lEIC  Report  No.  l8,  1  June  196I, 

15U  p.,  109  refs.) 

This  report  presents  information  which  covers  the  state  of  the 
art  of  knowledge  on  the  effects  of  nuclear  radiation  on  basic 
electronic  parts  that  is  available  in  the  REIC  files*  As  such,  it 
represents  a  summary  of  information  accumulated  within  the  past 
year  plus  information  previously  reported  in  REIC  reports*  Some 
information  pertinent  to  this  conpilation  of  radiation  effects  was 
also  obtained  from  REIC  Technical  Memorandums*  This  report 
presents  componmt  results  that  are  grouped  as  to  family  within 
each  component  class  type*  The  results  presented  in  the  report 
are  intended  to  provide  a  basis  for  judging  the  merits  of  the  parts 
when  they  are  to  be  used  in  circuitry  that  will  be  exposed  to  a 
radiation  environment*  Some  of  the  data  included  in  the  report  can 
be  considered  as  design  oriented  to  the  extent  that  they  indicate 
radiation  levels  at  which  the  parts  can  be  expected  to  perform 
satisfactorily* 


131.  SPACE  R.^IATI0N  AS  m  ENVIRONMENTAL  CONSTITUENT.  Raymond  E*  Hess 
and  Robert  F»  Badertscher*  (Battelle  Memorial  institute, 
Radia^£on^ ^nf orma tion  Center,  Columbus,  Ohio. 

REIC  Memorandum  19,  1$  January  I960,  I|8  p*,  refs.) 

This  Memorandum  has  been  prepared  to  summarize  the  radiation 
data  obtained  from  the  satellites  and  moon  probes.  The  data 
presented  are  primarily  those  of  the  American  program.  A 
reasonable  volume  of  Soviet  data  has  become  available,  and  these 
have  been  freely  used.  In  view  of  the  continual  input  of  space 
data,  it  must  be  emphasized  that  the  description  presented  may  be 
subject  to  extensive  modification  in  the  future. 

Any  consideration  of  space  radiation  may  be  divided  logically 
into  two  sections]  this  natural  division  is  followed  here.  The 
first  section  deals  with  cosmi-C  rays  in  interplanetary  space]  the 
second  section  deals  with  the  much-discussed  Van  Allen  radiation 
belts*  The  Van  Allen  belts  night  be  classed  as  earth-related 
phenomena,  wereas  cosmic-ray  phenomena  in  space  are  independent 
of  the  earth. 


EFFECT  OF  MCLEAR  RADIATION  ON  STRUCTURAL  METALS.  Frederic  fl,  Shober. 
(Battelle  Memorial  Institute,  Radiation  Effects  Information  Center, 
Contract  AF  33(6l6)-7375>  REIC  Report  No,  20,  15  September  I96I, 

101  p,,  85  refs.) 

The  effect  of  fast  neutron  (  1  Mev)  irradiation  on  the  mechanical 
properties  of  structural  metals  and  alloys  is  somewhat  unique  in 
that  some  properties  show  changes  which  are  detrimental  vrtiile  others 
are  enhanced  by  irradiation.  Although  the  yield  strengths  and 
ultimate  toisile  strengths  are  increased  substantially  for  most 
materials,  the  ductility  suffers  severe  decreases.  This  report 
presents  these  changes  in  properties  of  several  structural  metals 
for  a  number  of  neutron  exposures  within  the  1,0  x  10^°  to  5»0  x 
1021  n  cm”2  range.  Data  summarizing  these  effects  on  several  classes 
of  materials  such  as  carbon  steels,  low-alloy  steels,  stainless 
steels,  zirconium-base  alloys,  nickel-base  alloys,  aluminum-base 
alloys,  and  tantalum  are  given.  Additional  data  which  show  the  in¬ 
fluence  of  irradiation  temperatures  and  of  post-irradiation  annealing 
on  the  radiation-induced  property  changes  are  also  given  and 
discussed. 

The  Appendix  consists  of  an  annotated  bibliography  of  radiation 
effects  publications  on  structural  metals  and  alloys. 


RADIATION  EFFECTS  STATE  OF  THE  ART  I96O-I96I,  (Battelle  Memorial 
Institute,  Radiation  Effects  Information  Center,  Colundbus,  Ohio, 
Contract  AF  33(6l6)-7375,  HEIC  Report  No.  22,  30  June  1961,  52  p.) 
AD-26li  050 

A  series  of  memoranda  is  presented  summarizing  briefly  (l)  the 
current  state  of  the  art,  (2)  programs  in  progress,  and  (3) 
Battelle 's  conclusions  and  recommendations  in  the  following  areas: 
electronic  components  and  equipmentj  semiconductor  devices  and 
materials;  polyneric  materials;  fluids;  lubricants,  and  hydraulic 
fluids;  structura  1  metals  and  ceramic  materials;  space  radiation; 
and  dosimetry  and  imits.  The  report  is  oriented  around  steady- 
state  nuclear-radiation  effects;  however,  considerations  regarding 
the  less  well-defined  areas  of  pulse  radiation  and  space  radiation 
are  Included, 


RADIATION  DOSIMETRY:  AN  ANNOTATED  BIBLIOGRAPHY.  Mary  Jane  Oestmann, 
(Battelle  Memorial  Institute,  Radiation  Effects  Inxormatioh 
Center,  Columbus,  Ohio,  Contract  AF  33(6l6)-7375*  REIC  Memo, 

No,  23,  15  September  196I,  62  p.)  AD-265  523 


ELECTRICAL  LEAKAGE  IN  INSUUTORS  EIPOSED  TO  A  NUCLEAR  ENVIRONMENT. 
Q.  E,  Lamale  and  P,  Schall,  (Battelle  Memorial  Institute, 
Kadiailon  Effects  Inforaatlon  Center,  Colunbus,  Ohio,  Contract 
AF  33(616)-5171,  15  Janueiy  1958,  h  p.,  5  refs,) 


136.  FINAL  REPORT  ON  THE  EFFECTS  OF  GAMI-IA  INDUCED  IONIZATION  ON  THE 
ELECTRIC/uL  PROPERTIES  OF  PRINTED  CIRCUITS  MD  COf.-NECTORS  TO 
CHANCE- VOUCaiT  AIRCRAFT.  J«  F.  Hansen  and  H,  Cary.  (Battelle 
Memorial  Institute,  5  March  1959) 


137.  KEEP  NUCLEAR  ELECTRCNIC  EFFECTS  PROGRAI^.  (Bell  Telephone 
Laboratories,  Inc.,  V/hippany,  New  Jersey,  Contract 
AF  33(600)-32662,  10  Quarterly  Report,  13'  September- 
13  December  1938,  31  December  1938)  AD  21ii  533 


138.  NUCIEAR  IRRADIATION  OF  FANSTEEL  EXPERRUiNTAL  CAPACITORS.  (Bendix 
Aviation  Corporation,  ^sterns  Division,  Ann  :\rbor,  Michigan, 
Contract  AF  33(600)-35026,  BSR-93,  Test  Report,  6  January- 
2h  February  1939,  April  1939) 


139.  DIGEST  OF  IRRADIATION  TOLERANCE  OF  ELECTRONIC  COMPONENTS .  D.A.  Renken 
and  R.M.  Magee.  (Bendix  Systems  Division,  Ann  Arbor,  Michigan, 
Contract  AF  33(600 )-33026,  BSR-230,  May  I960,  7h7  refs.)  AD-236  330 


11*0.  RADIATION-TOIERANT  ELECTRCNIC  EQUIPMENT.  J.  R.  Burnett. 

(Bendix  Technology  Journal,  October  i960,  pp.  17-20) 


11*1.  R.ADIATI0N  DAMACE  IN  SOLIDS.  Douglas  S.  Billington  and 

James  H.  Crawford,  Jr,  (Princeton  University  Press,  New  Jersey, 

TOTWiTl 

Covers  metals,  alloys,  oovalent  crystals,  and  ionic  crystals; 
investigations  of  semiconductors;  radiation  effects  in  fissionable 
materials;  radiation  effects  in  graphite;  theory  of  radiation 
damage;  and  the  role  of  defects  in  the  determination  of  the  physical 
b^iavior  of  solids. 


11*2,  GAMMA  IRRADIATION  OF  STAR-TRACKER  CQMPCMINTS.  J.  A.  Barton  and 
H,  L,  Steele,  (Boeing  Airplane  Company,  Seattle,  Washington, 


11*3.  EFFECTS  OF  GAMMA  RADIATION  ON  ELASTOMERS,  SEALANTS,  STRUCTURAL  ADHESIVES, 
LUBRICANTS,  AND  GREASES.  Cheater  J.  DeZeih.  (Boeing  Airplane  Company, 
Seattle  2l*,  Washington,  Issue  33,  Document  D2-2l*l*9,  1*6  p.  ) 


ANALYSIS  OF  SOLAR-FLARE  HAZARD  TO  MANNED  SPACE  SYSTEMS. 

E«  L.  Chupp  and  others*  (Boeing  Con^angr,  Report  D2-II606) 


11*5.  RADIATION  AND  OTHER  ENVIRONMENTAL  EFFECTS  ON  SATELLITES. 

R.  Innes.  (British  IRE,  Journal,  Vol.  22,  September  I96I, 

pp.  21*1-250) 


11*6.  RADIATION  EFFECTS  ON  ELEGTRCNIC  COMPONENTS.  P.  S.  Miglicco. 
(Convair,  Fort  Worth,  Texas,  FZM-9l5«  1  1957 ) 


11*7.  EFFECTS  OF  RADIATION  ON  ELECTRICAL  INSULATION.  P.  M.  Johnson. 

(Convair,  Ft.  Worth,  Texas,  Report  Fai-l897,  15  August  I960) 


1J*8.  EFFECTS  OF  REACTOR  RADIATION  ON  THE  ELECTRICAL  PROPERTIES  OF 

ELECTRONIC  COMPONENTS.  PART  VII.  RESISTORS  AITO  VACUUM  TUBES. 

E.  E.  Palmer  and  n,  Howell,  (Convair,  Ft.  Worth,  Texas, 

Con'tr'aci  A5''33(60b;-38%6,  Document  No.  NARF-6l-5^, 

Report  No.  MR-N-268,  7  June  1961,  7U  p.)  AD-258  91*6 

Several  types  of  vacuum  tubes  and  resistors  were  irradiated 
at  Convair-Fort  Worth  with  the  Ground  Test  Reactor  for  a  period 
of  100  hours  at  a  power  level  of  1  megawatt.  Data  were  taken  on 
the  components  before,  during,  and  after  the  irradiation.  The 
vacuum  tubes  received  a  maximum  radiation  exposure  of  8,61*  x 
10  to  the  15th  power  nf/sq,  cm  and  3.9  x  10  to  the  10th  power 
ergs/gm(C),  k  small  increase  in  the  average  plate  current  was 
noted  for  all  tube  types.  Pentodes  subjected  to  the  hi^-flux 
field  exhibited  the  largest  percent  change  (approx.  6%)  while 
diodes  remained  relatively  unaffected  at  these  radiation  levels. 
The  resistors  received  a  maximum  radiation  exposure  of  1,1*  x  10 
to  the  16th  power  nf/sq,  cm  and  6,2  x  10  to  the  lOth  power 
ergs/gm(C),  The  degree  of  damage  was  dependent  upon  tiie  material 
and  type  of  construction  of  the  individual  resistor  types.  The 
maximum  observed  change  (approx.  656)  occurred  in  the  RCl*! 
fixed-coii^>osltion  resistors* 


ll*9.  AIRBCME  TAIE  FOR  USE  IN  NUCLEAR  ENVIRONMENTS.  J.  M.  ValUn, 
(Diamond  Ordnance  Fuze  Laboratories,  Washington,  O,  C, 
Renort  TR-919,  20  June  1961) 


150 •  RADIATION  EFFECTS  IN  SOLIDS.  G.  J.  Dienes  and  G.  H.  Vineyard, 

Brookhaven  National  Laboratory,  Department  of  I^ysics,  Mew  Y^rk. 
(interscience  Publishers,  Inc.,  New  York,  19^7^  ?26  p»,  53  refs,) 

The  book  is  concerned  mostly  with  the  physics  of  radiation 
effects,  not  mth  the  chemistry  of  such  effects,  and  not  at  all 
with  biological  effects.  This  means  that  displaced  atoms  have 
been  given  more  prominence  than  ionization,  and  that  organic 
substances  have  been  given  far  less  space  than  other  types  of 
solids.  It  should  also  be  noted  that  we  are  primarily  concerned 
wath  energetic  radiation,  of  X-ray  energies  and  higher,  and  thus 
effects  of  optical,  infrared  and  ultraviolet  irradiation  are 
omitted,  Althoiigh  these  phenomena  are  unquestionably  radiation 
effects,  their  study  goes  much  farther  back,  they  have  been 
reviewed  in  many  places,  and  the  theoretical  ideas  involved  are 
sufficiently  different  from  those  relevant  to  high-energy"  radiation 
to  allow  a  practical  separation. 


151,  STUDY  OF  TERRESTRIAL  CORPUSCULAR  ItADIATION  AND  COSMIC  RAYS  DURING 
THE  FLIGHT  OF  THE  COSI^IC  ROGK^IT.  S,  N.  Vernov,  A.  Ye,  Chudakov, 
P,  V,  Vakulov  and  Yu,  I,  Logachev,  (Doklady  Akedemii  Nauk,  SSSR, 
Voi:  T2F,'  N57  2,  PpV  3oH'-557) 


152.  NUCIEAR  RADIATION  AND  ElfiCTRONIC  EQUIHffiNT.  J.  R.  Crittendm. 

(Electrical  Engineering,  Vol.  78,  September  1959,  pp.  89R-90I) 

Chemical  and  electrical  degradation  occurs  in  electronic 
equipment  under  nuclear  radiation*  Problems  and  suggested 
solutions  associated  with  the  design  and  development  of  radiation- 
tolerant  equipment  are  discussed* 


153.  EFFECT  OF  HIGH  INTENSITY  RADIATION  ON  ELECTRONIC  PARTS  AND  MATERIALS. 
C.P.  Lascaro  and  A.L.  Long,  United  States  Army  Signal  Research 
and  development  Laboratory.  Fort  Monmouth,  New  Jersey.  (Electrical 
Manufacturing,  Vol.  62,  No.  3,  September  1958,  pp.  119-121-*-,  U  refs. ) 

A  preliminary  study  of  neutron  and  gamma  radiation  effects  on 
components  and  materials  used  in  Signal  Corns  ftnii-tnnion+.  TVit.s 
report  gives  test  results  and  indications  of  problems  arising  from 
irradiation  of  equipment  in  a  nuclear  blast  area  of  hign  energy 
radiation. 


151*.  NUCIEAR  RADIATION  DAMAGE  TO  TRANSISTORS.  (Electrical  Manufacturing, 
July  I960,  pp.  78-85) 


155.  EFFECTS  OF  GAI'IMA-RAY  IRRADIATION  ON  CARBON  RESISTORS.  T.  Nakai 

and  T,  Sakaklbara.  (Electromeohanical  Journal  of  Japan,  Vol»  6, 
No.  if  1^61,  pp.  U3-U7) 


156.  SILICON-CARBIDE  RECTIFIERS  OPERATE  IN  HIGH-HEAT  AND  RADIATION 
ENVIRONMENTS.  (Electronic  DesLen.  2  March  I960,  o.  38) 


157.  RADIATION  EFFECTS  STILL  UNKNCMI.  (Electronic  Design,  Vol.  10,  No.  2, 
18  January  1962,  p.  172) 

Little  is  known  about  the  radiation  effects  on  solar  cells  and 
semiconductors.  Methods  of  shielding  are  briefly  discussed  and 
radiation  damage  experiments  to  be  carried  by  the  TELSTAR  and 
RELAY  flatnllit.M 


158.  DESICaiERS  TAKE  NEW  TACK  TO  COUNTER  RADIATION  EFFECTS.  Joel  Strasser. 
(Electronic  Design,  Vol,  10,  29  March  1962,  pp.  8-11 ) 

Discussion  of  the  effects  of  environmental  and  nuclear-power- 
plant  radiation  on  electronic  components  in  space  vehicles.  The 
behavior  of  vacuum  tubes  and  semiconductors  during  and  after 
exposure  to  radiation  is  reviewed,  and  typical  failure  points  for 
damage  due  to  atom  displacement  are  tabulated  for  a  variety  of 
components.  Shielding  techniques,  for  protection  of  both  entire 
systems  and  of  individual  components,  are  outlined,  as  are  tech¬ 
niques  based  on  the  use  of  radiation-tolerant  materials  and  special 
circuit  designs. 


159.  HOW  RADIATION  EFFECTS  ELECTRONIC  EQUIPMENT.  T.R.  Nisbet.  (Electronic 
Equipment  Engineering,  Vol.  7,  No,  5,  May  1959,  pp.  36-l;0) 

Several  types  of  radiation  limit  the  life  expectancy  of  electronic 
gear.  Equipment  can  be  designed  for  a  given  radiation  evnironment  by 
closely  scrutinizing  its  function  in  search  of  a  means  of  limiting  the 
seriousness  of  radiation  damage.  A  graphical  method  of  predicting 
life  of  equipment  is  presented  t hat  employs  plots  of  flux-dosage. 


160.  EFFECTS  OF  NUCLEAR  RADIATION  ON  ELECTRONIC  MATERIALS.  V.  R.  Honnold 
and  C.  W.  Parkins.  Hughes  Aircraft  Company,  Fullerton,  California. 
(Electronic  Industries,  Vol.  21,  No,  2,  February  1962,  pp.  99-101, 
15  refs.) 

The  effects  of  pulsed  radiation  on  insulating  materials,  metals, 
semiconductor  materials,  gases,  and  other  electronic  materials 
is  discussed. 


I6l^  RADIATION  FFFRCTS  ON  ELECTRONIC  SYSTEMS.  J.H.  Levine  and  W.F.  Ekepn. 
(Electronics,  Vol.  33>  No.  17t  22  April”  195oT  op.  ^ 9-70^5 

Electronic  components  were  assembled  into  a  system  and  tested  in 
a  radiation  field  to  determine  radiation  effects.  The  relative  re¬ 
sistance  of  organic  and  inorganic  materials  is  given  in  iqrms  of 
energy  absorbed  (ergs/gm)  for  gamma  rays  and  fast  neutron6/cm^. 
Radiation  damage  to  electron  tubes  is  caused  largely  by  fracture 
of  the  metal-to-glass  seal,  particularly  in  tubes  containing  boro- 
silicate  glass.  The  irradiation  data  for  communication-type  systems 
are  tabulated  • 


162.  HOW  radiation  AFFECTS  TUNNEL  DIODES.  (Electronics,  Vol.  33,  No.  19, 
6  May  I960,  pp.  32-33). 

A  1-Gc  cavity  oscillator  showed,  for  a  given  operating  point 
a  power  output  decrease  of  1.^  db  per  10*'  neutrons/cm"',  becoming 
inoperative  at  10 A  much  more  rapid  rate  of  change  was  found 
for  silicon  units.  At  room  temperature,  the  valley  current 
increased  by  a  factor  of  approximately  two  for  an  exposure  of 
9  X  10  *  neutrons/cm^. 


163.  VWAT  DESIGNERS  SHOULD  KNOW  ABOUT  TRANSIENT  RADIATION.  J.  W.  Clark 
and  others#  (Electronics,  Vol.  3h$  10  February  1961,  pp.  62-6^) 


I6I4.  DESIGNING  EQUIPMENT  FOR  NUCLEAR  ENVIRONMENTS.  P.  Barra tt.  Pye  Umited, 
Cambridge,  Enland.  (Electronics,  Vol.  3$,  No.  11,  16  March  1962, 
pp.  51-^7,  15  refs. ) 

How  equi.oment  and  components  are  affected  by  radiation  of  high 
dosage,  low  dose  rate  and  low  rate  of  change  of  flux  level  radia¬ 
tion.  Damage  is  illustrated  with  simple  models  of  the  structure 
of  matter. 


165#  SUMKARY  OF  NUCLEAR  RADIATION  EFFECTS  ON  ELECTRONIC  COMPONENTS  AND  SYSTEM 
J.E.  Drennan  and  E.N.  %ler.  Bat  telle  Memorial  Institute,  Columbus, 
i^io .  (Electro-Technology,  Vol.  67,  No.  3,  March  1961,  pp.  132-13ii, 
h  refs. ) 

Current  nuclear-radiation  data  are  reviewed  for  electron  tubes, 
resistors,  capacitors,  relays,  switches,  terminals,  transformers, 
transistors,  and  diodes. 


166.  SHIELDING  EIECTRONIC  CIRCUITS  AGAINST  NUCLEAR  RADIATION. 

A.  L.  S.  M.  Esposlta  and  E.  T.  Hmter.  (Electro- 

Technology,  Vol.  67,  June  1961,  pp.  12-13) 


167.  EFFECTS  OF  GAMMA  RADIATION  ON  CARBON  RESISTORS.  T.  Nakai  and 
T.  Sakaklbara.  (ETJ  Japan,  Vol.  6,  No.  2,  19617  PP.  1;3-U7) 

Deals  with  the  effect  of  doses  of  up  to  10*r  on  carbon  resistors, 
the  measurements  being  made  after  the  coirponents  had  been  withdrawn 
from  the  radiation  field.  Non-coated  pyrolitic  resistors  without 
helical  coating  increased  in  resistance  with  radiation  dose,  and 
this  increase  continued  during  several  days  after  withdrawal  from 
the  radiation.  Non-coated  resistors  exposed  to  7.5  x  lO'^r  increased 
by  2.85^,  paint-coated  resistors  by  0.08$,  non-coated  ccmpcaients 
sealed  in  evacuated  glass  tubes  by  0.17$  and  those  in  tubes  filled 
with  hy^ogen  by  0.12$.  The  respective  increases  of  the  tenqserature 
coefficient  of  resistance  of  those  caiT?)onents  were  0.8U,  7.58,  11.11 
^8  17.58$.  Composition  resistors  decreased  by  varying  amounts 
within  the  range  0  to  20$  and  it  appeared  that  this  was  due 
Principally  to  deterioration  of  the  synthetic  resin  binder  under 
the  radiation.  Filament  type  composition  resistors  did  not  change 
by  more  than  0.ij$. 


168.  IRRADIATION  TESTS  OF  SELECTED  TRANSDUCERS.  E.  W.  Bradford. 

(General  Dynamics,  Ft.  Worth,  Texas,  Contract  A^*  ^3(65t)“7201, 
Document  No.  MR-N-265,  NARF-6I-2I4.T,  l5  December  1961,  58  p., 

U  refs.)  AD-269  Ull 

A  number  of  instrumentation  transducers  were  irradiated  for 
finding  commercially  available  transducers  that  can  be  used  in  a 
radiation  environment.  The  tests  were  made  at  ambient  temperature 
and  humidity  conditions.  The  pickups  were  exercised  during 
irradiation  to  simulate  operating  conditions.  The  pickups  tested 
included  differential  transformers;  fluid-damped  and  magnetic- 
damped  velocity  pickups;  strain  gages;  piezoelectric  accelerometers; 
bulk  resistance  thermometers;  and  inductive,  strain-gage,  and 
potentiometer  pressure  pickups.  Potentiometer  pressure  pickups, 
magnetic-damp ed  velocity  pickups,  and  piezoelectric  accelerometers 
operated  satisfactorily  in  the  radiation  environment. 


169.  IRRADIATION  TESTING  OF  ASBESTOS  AND  GLASS  FIBER  THERMOCOUPLE 

INSULATION.  J.  H.  Sako,  D.  R.  Green  and  J.  C.  Tobin.  (General 
Electric  Company,  Hanfoz^  Atomic  Products  Operation,  Richland, 
Washington,  HW-60095,  April  1959) 


170.  IRRADIATION  OF  PYROFIUl  RESISTORS.  (General  Electric,  Atomic  Products 
Division,  Aircraft  Nuclear  Propulsion  Department,  Cincinnati, 

Ohio,  DC-59-6-212,  17  June  1959) 


171.  EFFECTS  OF  INTENSE  GAMMA  RADIATION  ON  TURBOJET  ACCESSORY  STSTHi  SEALS 
AND  HOSES.  D.  E.  Bynett  and  W.  G.  Baxter.  (General  Electric 
Company,  Atomic  'l^xxlucis  blvlsion,  Cincinnati,  Ohio,  Report 
XDC-59-12-76,  18  November  1959) 


172.  BASIC  EFFECTS  OF  NUCLEAR  RADIATION.  J.R.  Crittenden.  Gonsultant- 
ladiation  Effects,  General  Electric  Company,  Owensboro ,  Kentucky. 
(Electronic  Industrie's,  Vol.  21,  No,  1.  January  1962,  pp.  102-106.) 

More  and  more  requirements  for  greater  equipment  reliability  are 
being  made.  One  of  these  is  for  more  nuclear  radiation  tolerant 
equipment.  To  achieve  this  the  engineer  needs  to  know  how  radia¬ 
tion  affects  materials  and  electronic  devices — how  it  is  measured — 
where  it  comes  from,  and  what  it  is. 


173.  REVIJ1-;  OF  OUTER  SP,4GE  EMVIRONJ-ENT.  i^A.RT  I.  R/JDIATION  '.RJVIROIT'mOT 
IN  SP.iCE,  R.  A.  Imobersteg.  (General  Electric  Company) 


17li.  RADIATION  EFFECTS  ON  MICROWVVE  IE  VICES.  E.  P.  Plankis.  (General 
Electric  Company,  Schenectady,  New  Tork,  (iontraci 
DA  36-039-SC-87253,  Quarterly  Progress  Report  No.  1, 

1  July-30  September  I96I,  30  September  196I,  33  p.,  3h  refs.) 
ad-268  636* 

*No  autonatic  release  to  Foreign  Nationals, 

The  results  of  the  literature  search  on  Cu,  Ti,  forsterite 
ceramics,  magnetic  materials  and  the  thoriated  V  emitter  are 
stated,  A  summary  and  accompanying  bibliography  are  given  for 
each  of  these  VTM  naterials,  A  description  of  the  experimental 
procedure  to  be  used  for  monitoring  voltage-tunable  magnetron 
(VTM)  parameters  during  a  pulse  of  nuclear  radiation  is  included. 


179.  FIPJ5T  EXPERIMENT  ON  THE  EFFECTS  OF  RADIATION  PULSES  ON  ELECTRONIC 
CIRCUITS  AND  COMPOJENTS.  C.  W.  Perkins.  (Hughes  Aircraft 
Company,  TM-506,  February  1958) 


176.  SECOND  EXPERBENT  ON  PULSID  fJEUTRON  EFFECTS.  C.  K  Perkins  and  others. 
(Hughes  Aircraft  Company,  TM  622,  September  1959) 


177.  THIRD  EXPERIMENT  ON  PULSED  NEUTRON  EFFECTS.  C.  W.  Perkins  and  others. 
(Hughes  Aircraft  Company,  TM  623,  October  19^9 ) 


178.  BEHAVIOR  OF  SEMICONDUCTOR  ELECTRONIC  COMPONENTS  WHEN  EJffOSED  TO  NUCLEAR 
RADIATION.  M«  A.  QUiYler  and  S.  A.  Yefsl^.  (Inland  Tes^lna 
Laboratory,  Horton  Grove,  Illinois,  Coniract  AF  33(6l6)-3776, 

WADC  TR  58-86,  212p.)  AD  202  553L# 

^Notice:  Only  Military  Officss  may  request  from  Astia.  Others 
request  approval  of  Wright  Air  Development  Center,  Wright-Patterson 
AFB,  Ohio.  Attn:  WCLK. 

The  resvilts  of  Co^^  and  reactor  irradiations  of  semiconductor 
diodes  representing  18  device  types  are  summarized  in  terms  of 
two  or  three  representative  samples  of  each  type 


179.  SPACE  RADIAnON  AS  AN  ENVIRONMENTAL  CONSTITUENT.  B.  F.  Badertscher 
and  R.  E«  Hess,  Battelle  Memorial  Institute,  Colunbus,  Ohio. 
(Institute  of  Environmental  Sciences,  I960  Proceedings  on  Hyper- 
Environments  and  Space  Frontier,  pp.  311-316) 

Based  upon  the  known  charged-particle  environment  in  the 
Van  Allen  belts  and  upon  the  effects  of  nuclear  radiation  on 
materials  and  components,  it  can  be  deduced  that  radiation  damage 
to  space  vehicles  will  be  small  or  negligible.  Long-time 
exposures  greater  than  a  year  might  cause  some  damage.  Sjice  the 
basic  structures  provide  some  shielding,  this  time  span  might  be 
extended  by  a  considerable  amount  If  the  critical  corQ)onents  are 
located  properly. 


180.  RADIATION  DAMAGE  AND  TRANSISTOR  LIFE  IN  SATELLITES.  J.  M.  Denny 
and  D,  Pomeriy.  (IRE  Proceedings,  Vol.  1|8,  May  193o]I 
pp.  950-^52) 


181.  RADIATION  EFFECTS  ON  QUARTZ  OSCILLATORS.  0.  Renius  and  D.  flees. 
(IRE  Proceedings,  Vol.  U8,  July  I960,  pTT5n55 


182.  ELECTRONIC  PARTS  IN  A  HYPER-NUCLEAR  ENVIRONMENT.  L.  B.  Gardner  and 
A.  B.  Kaufman.  (IRE  IVansactlons  on  Nuclear  Science,  Vol.  NS-8, 
July  1961,  pp,  35-Ui) 


183.  RADIATION  EFFECTS  10  FLIOHT  CONTROL  SYSTEMS.  V.  Q.  anellev  and 
P,  Pollshuk.  (IRE  Transactions  on  N\iclear  Science,  Vol.  NS-9, 
No.  1,  January  1962,  pp.  260-279) 


Nuclear-pcwered  vehicles,  pulse  reactions  from  nuclear 
detonations,  and  space  radiation  are  the  sources  of  radiation 
considered  in  the  development  of  techniques  to  design  and 
evaluate  high-temperature  radiation-resistant  flight  control 
systems. 


I81i.  EF5ECTS  OF  NUCLEAR  RADIATION  ON  HIGH  TEMPERATURE  THERMISTORS. 

W.  R.  Owens.  (IRE  Transactions  on  Nuclear  Science,  Vol.  NS-9, 

No.  1,  January  1962,  pp.  296-298) 

High-temperature  thermistors,  100  to  600°C,  were  tested  before, 
during,  and  after  irradiation  in  a  radiation  environment  held 
constant  at  2.2  X  10^'^  ^/cm*'— sec  (ry  ■  fast  neutrons  with  energy 
>2.9  Mev)  and  U.  2  X  IC/^  erg/g(C)^V  a  period  of  91  hours. 


18$.  NUCLEAR  ENVIRONMENTAL  EFFECTS  ON  SPACE  GUIDANCE  AND  CONTROL  SYSTEMS. 
W.  L,  Fink,  (IRE  Traxisactions  on  Nuclear  Science,  Vol.  NS-9, 

No.  1,  January  1962,  pp.  316-319) 

The  guidance  and  control  system  considered  for  analysis  is  a 
programmed  inertial  guidance  unit  with  an  astro-tracker  for  space 
coordinate  corrections. 


186.  RADIATION  EFFECTS  ON  INSULATION,  'WIRE,  AND  CABLE.  G.  J.  Lyons  and 
R.  I,  Leiningert  Battelle  Memorial  Institute,  Columbus,  Ohio. 

( Insula ti on,  Vol .  3,  May  19^9,  pp.  19-26) 

The  authors  provide  an  excellent  summary  of  available  inform¬ 
ation  regarding  radiation  effects.  Although  each  insulation 
material  is  discussed  in  as  brief  a  manner  as  possible,  nearly  all 
significant  points  are  covered.  This  article  deals  with  radiation 
effects  produced  by  y  -rays  and  fast  and  slow  neutrons  on  specific 
elastomers  and  plastics. 


187.  INSULAnON  FOR  A  RADIATION  ENVIRONMENT.  lART  I-INORGANICS^ 

A.  Bradley.  (Insulation,  Vol.  7,  Octpber  1961,  pp.  .23-31) 


188.  SOME  EFFECTS  OF  PULSED  NEUTRON  RADIATION  ON  ELECTRONIC  COMPONENTS. 

(IBM,  Owego,  New  York,  Contract  AF  33 (600) -31315 »  Final  Report  I960, 
WADC  TR  60-71,  78  p.,  11  refs.)  AD  232  286* 

*Not  releasable  to  Foreign  Nationals, 

The  results  are  summarized  of  the  investigations  which  were  con¬ 
ducted  on  the  effects  of  pulsed  nuclear  radiation  on  electronic 
components.  Data  are  given  on  the  effects  of  pulsed  radiation  on 
cables,  capacitors,  resistors,  thyratons,  voltage  regulator  tubes, 
and  semiconductor  circuits.  Experiments  which  were  performed  on 
transistors  and  gas-filled  capacitors  are  described. 


189.  STUDY  OF  EFFECT  OF  HICaHi-INTENSITY  PUL3ED  NUCLEAR  RADIATION  ON 
ELECTRONIC  PARTS  AND  MTERIALS  (SCORRE).  (IBM  Corporation, 

Owego,  New  York,  Contract  DA  36-039-sc-8^395,  IBM  No.  61-928-26, 
Quarterly  Progress  Report  No.  U,  1  April-31  Jui]ie  I96I, 

31  June  1961,  h2  p.)  AD-26U  934* 

»N0  AUTOMATIC  RELEASE  TO  FOREIGN  NATIONALS. 

The  pulse  responses  of  ferrite  and  tape-wound  cores  used  for 
memory  and  logic  applications  were  observed  during  exposure  to 
bursts  of  nuclear  radiation  from  the  Sandia  Pulsed  Reactor  (SPR), 
Test  samples  included  ferrite  toroid  and  two-aperture  memory 
cores,  ferrite  and  h-79  mo-permalloy  switch  cores,  and  a  tape- 
wound  core  used  for  magnetic  logic  applications.  A  static  test 
of  a  small  memory  plane  consisting  of  two-aperture  ferrite  cores 
was  also  conducted.  No  pulsed  radiation  effects  were  detected 
in  most  test  samples.  Two  Disturb  Test  samples  show  variations 
that  may  be  due  to  radiation  on  some  imdeterrained  test  circuit 
malfunction.  feirite  switch  cores  show  variations  during 

the  SPR  burst,  indicating  that  this  material  may  be  sensitive  to 
pulsed  radiation. 


190.  IRRADIATIOf  DAMAGE  IN  GERMANIUM  AND  SILICON  DUE  TO  ELECTRONS  AND 

GAMMA  RAYS.  Julius  H.  Cahn,  Battelle  Memorial  Institute,  Columbus, 
Ohio.  (Journal  of  Applied  Physics,  Vol.  30,  August  1959* 

pp.  1310-1316) 

The  simple  model  for  atomic  displacements  by  electrons  of 
Seitz  and  Koehler  is  used  to  calculate  the  total  number  of  displaced 
atoms  in  Ge  and  Si  due  to  electrons  and  gamma  rays  to  energies  up 
to  7  Mev.  The  calculations  are  compared  to  reported  experiments  in 
the  literature.  Electron  damage  at  energies  below  1  Jfev  requires 
the  assun^)tion  of  threshold  energies  less  than  30  ev,  while  the 
higher  energy  electron  damage  data  are  fairly  well  explained  by  a 
30-ev  threshold.  The  measured  gamma-ray  cross  sections  for  atomic 
displacements  are  an  order  of  magnitude  smaller  than  the  calculated 
cross  sections,  even  for  a  30-ev  threshold  both  for  Si  and  Qe. 


191.  RADIATION  EFFECTS  ON  RECOMBINATION  IN  (ERMANIUM.  Orlie  L.  Cu^s.  Jr. 
(Journal  of  Applied  Physics,  Vol.  30*  August  19^^»  PP*  117U-lloO) 

The  properties  of  recombination  centers  in  Qe  are  obtained  on 
the  basis  of  lifetime  data  in  conjunction  with  other  information 
available.  For  recombination  centers  introduced  by  Co*^  gamma  rays 
and  fission  neutrons,  the  recombination  energy  level  position  is 
placed  at  0,20  ev  below  the  conduction  band.  The  room  temperature 
hole-capture  cross  sections  resulting  are  1,1  x  10“''^'^  and 
6  X  lO'^'^cm^  for  Co^®  gamma-ray  and  fission  neutron  irradiation, 
respectively* 


SOME  EFFECTS  OF  FAST  NEUTRON  IRRADIATION  ON  CARRIER  LIFETIMES  IN 
SILICON.  R.  W.  Beck,  E,  Paskell  and  C.  S.  Feet.  (Journal  of 
Applied  Physics,  Vol,  30#  &pt ember  19^9,  pp.  1I|.37“1U39) 

Single  crystal  specimens  of  silicon  have  been  esqposed  to  fast 
neutrons  from  a  reactor  source  to  determine  the  room' temperature 
effects  of  irradiation  on  carrier  lifetimes.  For  highly  n-  and 
p-type  material  the  approximate  lifetime  damage  constants,  defined 
as  l/T=lAi4"4;  are  found  to  be  dn-=Ii,UxlO"^(nvt)"''x(sec)“'' 
and  «fpl»2xlO**(nvt)"'' (sec)~^.  Two  possible  positions  of  the 
dominant  recombination  level  are  0,36  ev  below  the  conduction  band 
or  0.33  ev  above  the  valence  band.  Further  agreement  with  the 
value  of  p  has  been  obtained  by  measuring  high  level  lifetime  in 
silicon  junction  diodes, 

/ 


RESISTANCE  OF  RUBBERS  TO  THE  ACTION  OF  IONIZING  RADIATION  (STOYKOST* 
REZIN  K  DEYSrVIYU  lONIZIRUYUSHCHIKH  IZLUCHENIY).  A.  S.  Kuz«Mn3kly 
and  Ye,  V,  Siuravskaya,  (Khimicheskaya  Nauka  i  Proe,  Vol,  a. 

No.  1,  19$^,  PP»  ^59-73) 


PASSIVE  COMPONENTS  IN  A  HYPERJIUCLEAR  EVIRONNEIV.  Alvin  B.  Kaufman 
and  Leonard  B.  Gardner,  (Litton  Systems,  Inc.,  V/oodland  rfills, 
California,  Contract  AF  33(600)-l4lli32,  August  1961,  27  p.,  5  refs., 
ASD  TN  61-99)  AD- 269  239 

The  performance  characteristics  of  passive  components  were 
examined  dynamically  during  and  after  their  exposure  to  a  hyper- 
nuclear  environment.  The  devices  and  iinaterials  irradiated  were 
selected  for  test  on  the  basis  of  analytical  and  literature 
research*  The  hypemuclear  environment  consisted  of  a  fast  neutron 
exposure  in  excess  of  10  to  the  l6th  power/sq  cm  above  an  energy  of 
2.9  Mev,  accompanied  by  a  gamma  exposure  in  excess  of  10  to  the 
11th  power  ergs/gm  (C).  This  total  integrated  exposure  was 
accumulated  during  100  hours  in  a  ground  test  reactor  facility. 

The  purpose  was  to  find  passive  components  suitable  for  application 
within  the  electronic  sy^’stems  of  Litton*  s  NGL  inertial  guidance 
platform.  As  such,  the  characteristics  of  resistive,  capacitive, 
printed  circuit  board,  and  connector  components  and  materials  were 
among  those  determined. 


RADIATION  ZFFEGTS  IN  ELECTRICAL  INSUUTION.  J.  F.  Hansen  and 
M.  L.  Siatzen.  (Lockheed  Aircraft  Coiporation,  3rd  Semiannual 
Sactiation  Effects  S;^.Tnposium,  Vol.  28-30  October  1958) 


IRRADIATION  OF  AN  AN/ARC-3U  TRANSCEIVER.  D.  B.  Howell.  (Lockheed 
Aircraft  Corporation,  Marietta,  Georgia,  Report  lIR-dO, 

February  I960) 


197*  RADIATION  EFFECTS  ON  E[£CTRONIC  CIRCaiTS.  A.  A.  Beltran « 

(Lockheed  Aircraft  Corporation,  Sunnsrvale,  California, 

Special  Bibliography  No,  SRB-60-li,  31  August  I960,  U3  p,) 

AD-250  955 

The  effects  of  radiation  on  electronic  circuits,  rather  than 
radiation  effects  on  materials  and  components,  is  the  prime 
concern  of  this  annotated  bibliography.  Reports  and  articles  on 
designing  for  radiation  environments,  shielding,  reliability, 
test  procedures  and  results  are  included.  No  limitation  was 
placed  on  the  radiation  type  or  environment.  The  literature  on 
charged  and  tuicharged  particles  as  well  as  material  on  space  and 
nuclear  engine  environments  and  nuclear  detonations  was  covered. 


198.  EFFECTS  OF  ELBCTRCMAGNETIC  FIELDS  UPON  INSTRUMENTATION  COMPONENTS  AND 
SYSTEMS.  George  R,  Evans.  (Lockheed  Aircraft  Corporation, 
Sunnyvale,  flali/omia,  fecial  Bibliography  No,  SD-60-27j 
27  July  i960,  53  p.)  AD-2lt3  538 

This  search  was  undertaken  to  find  what  literature  had  been 
published  on  the  subject  of  the  effects  of  electromagnetic  fields 
upon  instrumentation  components  and  systems.  The  search  was 
originated  to  provide  theoretical  information  and  test  reports  to 
determine  vrtiat  effect  (if  any)  flash  deperming  would  have  on 
Polaris  submarines.  An  extensive  survey  was  made  in  the  subject 
areas  of  degaussing,  deperming,  electromagnetic  fields,  electro¬ 
magnetic  waves  and  radio  interference. 


199.  EFFECTS  OF  HIGH  ENERGY  RADIATION  ON  INFMRED  OPTICAL  MATERIALS.  AN 
ANNOTATED  BIBLIOGRAPHY.  George  R.  Evans  and  VB.lliam  E,  Price. 
(Lockheed  Aircraft  Coiporation,  Sunnyvale,  California,  Contract 
AF  OU(6U7)-56U,  Special  Bj.bliography  No,  SB-61-25*  May  1961, 

U3  p.,  88  refs.)  AD-262  U29 

A  compilation  of  88  abstracts  of  the  effects  of  high  energy 
radiation  on  infrared  and  other  optical  properties  of  germanium, 
silicon,  germanium  and  silicon,  fused  and  vitreous  silica,  glass, 
and  quartz  is  presented.  Effort  was  concentrated  on  finding 
changes  in  transmission  properties  but  many  peripheral  subjects 
are  Included.  The  period  covered  is  from  1950  to  the  present 
date.  The  abstracts  are  arranged  by  authors  under  each  specific 
material,  A  corporate  author  index  is  also  included.  The 
following  sources  were  checked;  (l)  Armed  Services  Technical 
Information  Agenqy,  (2)4  Institute  of  Metals,  Joumal,  (3)  Lockheed 
MissllM  ahd'^ce  Division*  (U)  Nuclear  Science  Abstracts, 

(5)  Radiation  Effects  Information  Center  (Accession  List),  (6) 
Science  Abstracts  (Section  A:  Physics),  (7)  Semiconductor 
Electronics,  (8)  Semiconductors  and  Phosphors,  and  (9)  Solid  State 
Abstracts, 


200.  EFFECTS  OP  NUCLSAR  RADIATION  ON  THE  OPTICAL,  ELECTRICAL,  AND  THERMO- 
PHISICAL  PROPERTIES  OF  SOLIDS.  AN  ANNOTATED  BIBLIOGRAPHY. 
ADDEWDUM  TO  SPACE  MATERIALS  HANDBOOK.  Robert  C.  Gex.  (Lockheed 
Aircraft  Corporation,  SumiyTrale,  California,  Contract 
AF  OU(61i7)”^73>  Report  No.  3"3i4-6l“8,  Special  Bibliography 
No.  SB-6l-li2,  August  1961,  23k  p.)  AD  266  557 

Annotated  references  (579)  are  presented  on  the  effects  of 
nuclear  radiation  on  selected  propeirties  of  a  wide  range  of  solid 
materials.  The  properties  included  are:  optical  absorptance, 
reflectance,  transmittance  and  emittance;  electrical  resistivity 
and  conductivity;  refractive  index;  dielectric  constant  and 
strength;  magnetic  permeability;  thermal  conductivity;  and  heat 
capacity.  Some  studies  of  X-rays  are  included.  Several  classes 
of  solids  are  specifically  excluded;  silicon  and  germanium, 
compound  semiconductors  and  some  other  Intermetallic  compounds. 


201.  A  CRITICAL  SURVEY  OF  RADIATION  DAMAGE  TO  CIRCUITS.  W.W.  Happ  and 
5.R.  Hawkins.  (Lockheed  Aircraft  Corporation.  Missile  and  Space 
Division,  Report  LMSD  5011,  1  July  1958,  35  p. )  also (Third  Semi¬ 
annual  Radiation  Effects  Symposuim,  Atlanta.  Georgia,  28-30  October 
1958,  Electronics  and  Semi-conductors  Papers,  No.  39,  35  p) 

A  critical  survey  was  undertaken  to  investigate  factors  effecting 
circuit  performance  in  the  presence  of  damage  producing  radiations. 
Experimental  work  in  progress  consists  of  irradiating  several  types 
of  circuits,  such  as  multivibrators  and  blocking  oscillators  by 
gamma  radiation  with  a  100-curie  Cobalt-60  source.  Causes  of  fail¬ 
ure  of  the  circuits  tested  thus  far  were  traced  primarily  to  the 
deterioration  of  semiconductor  cevices.  This  preliminary  work  is 
being  used  as  a  basis  for  planning  investigations  of  other  selected 
circuits,  both  under gnmma  and  neutron  irradiation. 


202.  ETFECTS  OF  RADIATION  ON  ELECTRONIC  EQUIPMENT.  T.  R.  Nisbet.  (Lockheed 
Aircraft  Corporation,  Missile  and  Space  Division,  Sunnyvale, 
California,  Technical  Report  LMSD-1*81|98,  18  March  1959,  33  P*) 

The  different  types  of  radiation  are  described  with  reference 
to  their  effect  on  electronic  equipment,  and  methods  are  indicated 
for  designing  equipment  to  withstand  a  radiation  environment.  The 
effects  of  cosmic  radiation  on  satellite  instrumentation  are  con¬ 
sidered  and  in  an  appendix  the  life  expectancy  of  transistors  in 
satellite  applications  is  assessed  at  several  years.  Radiation 
damage  to  transistors  and  diodes  is  described  with  emphasis  on 
circuit  techniques  for  limiting  the  seriousness  of  the  effects. 


203.  EFFECTS  OF  GAMMA  RADIATIOJ  CK  A  TRANSISTOR  RC  PHASE-SHIFT  OSCILUTOR. 
V.  W.  Moore,  Jr.  and  others*  (Lockheed  Aircraft  Corporation, 
Missile  and  Space  Division,  Sunnyvale,  California,  Report 
IMSD-288123,  May  I960,  57  p.) 


EFFECT  CP  NEUTRON  IRRADIATION  ON  THE  MAGNETIC  PROPERTIES  AND  DEGREE 
OP  ORDER  CP  MAGNOTIC  METAL  ALLOYS.  A.  I.  Schindler.  E.  I.  Salkovitz. 
and  G.  S.  Ansell.  (Magnetism  and  Magnetic  Materials  Conference, 
Philadelphia,  Pennsylvania,  17-20  November,  1958)  also  (Journal  of 
Applied  Physics,  March,  1959) 


RESISTORS,  FIXED  ULTRA-HIGH  TEI'IPERATURE,  RADIATION  RESISTANT. 
D.  R.  Sivertsen.  (P.  R.  Mallory  and  Coit^tany,  Inc,, 

WsK;  fR  5^-27o;  July  1959)  AD-215  857 


.  iBRPORMANCE  OF  RADIATION-RESISTANT  MAC2JETIC  AMPLIFIER  CONTROLS  UNDER 
FAST  NEUTRON  AND  GAMMA  IRRADIATION.  R.  aierwln  and  J,  Montner. 
(Marquardt  Corporation,  Van  Nuys.  Calil'ornia,  Preliminaiy  lieport, 
June- August  1961,  30  August  1961) 


HOW  RADIATION  AFFECTS  ENGINEERING  MATERIALS.  Richard  E.  Bowman,  lladiation 
Effects  Information  Center,  Battelle  Memorial  Institute.  (Materials 
In  Design  Engineering,  Vol.  52,  No.  1,  July  I960,  pp.  119-13li,  26 
refs.  ) 

Radiation  has  been  added  to  the  growing  lis  b  of  combined  environ¬ 
ments  that  the  engineer  must  now  consider.  Here  is  an  up-to-date 
summary  of  how  it  affects  commonly  used  materials  such  as:  Structural 
metals.  Inorganic  nonmetallics,  Elastomers,  Plastics,  Organic  fluids. 


EFFECT  OF  SHIELD  POSITION  AND  ABSORPTIVITY  ON  TEMPERATURE  DISTRI¬ 
BUTION  OF  A  BODY  SHIELDED  FRCM  SOLAR  RADIATION  IN  SPACE. 

Lester  D.  Nichols.  (National  Aeronautics  and  Space  Administration, 
Lewis  iiesearch  (Center,  Cleveland,  Ohio,  Technical  Note  D-578, 
January  1961,  Ul  p. ) 

An  analytical  study  of  temperature  distributions  on  two  disks 
subjected  to  solar  radiation  has  been  made.  The  effect  on  the 
temperature  distribution  of  absorptivity,  thermal  conductivity, 
and  the  spacing  between  disks  has  been  determined.  The  calcu¬ 
lations  show  the  possibility  of  using  a  movable  shield  as  a 
temperature  control  device  for  a  space  vehicle. 


IRRADIATICW  EFFECTS  OF  22  AND  2U0  MEV  PROTONS  ON  SEVERAL  TRANSISTORS 
AND  SOLAR  CELLS,  Vf.  C.  Hutten,  W,  C,  Honaker,  and  J.  C.  Paterson. 
(National  Aeronautics  and  Space  Administration,  Washington,  D.  C., 
Technical  Note  D-718,  April  1961,  26  p.)  AD  25U  356 


210.  EARTH  REFLECTED  SOLAR  RADIATIC*!  INPUT  TO  SPHERICAL  SATELLITES. 

F.  G.  Cunningham..  (National  Aeronautics  and  Space  Administration, 
Washin^n,  5.  fi..  Technical  Note  No.  I>-1099#  October  1961,  9  p.) 
AD-265  255 

A  general  calculation  is  given  of  the  earth's  albedo  input  to  a 
spherical  satellite,  with  the  assumption  that  the  earth  can  be 
considered  a  diffusely  reflecting  sphere.  Ihe  results  are 
presented  in  general  form  so  that  appropriate  values  for  the  solar 
constant  and  albedo  of  the  earth  can  be  used  as  more  accurate  values 
become  available*  The  results  are  also  presented  graphically;  the 
Incident  power  is  determined  on  the  assumption  that  the  mean  solar 
constant  is  1,353*000  ergs  per  sq  cm  per  sec  and  the  albedo  of  the 
earth  is  0.3)^* 


211.  .  SPUTTERING  OF  A  VEHICLE'S  SURFACE  IN  A  SPACE  ENVIRONMENT. 

Jerome  R.  Redus.  (National  Aeronautics  and  Space  Administration, 
tJeorge  C.  Marshall  Space  Flight  Center,  Huntsville,  Alabama, 
Technical  Note  D-1113,  June  1962,  35  P*) 

A  brief  survey  of  current  investigations  of  physical  sputtering 
is  given,  from  which  estimates  are  made  of  the  sputtering  yields 
by  constituents  found  in  a  vehicle's  environment.  The  rates  at 
which  a  vehicle's  surface  is  sputtered  by  the  earth's  atmosphere, 
by  radiation  belts,  and  by  solar  corpuscular  radiation  are 
calculated#  It  is  shown  that  the  a-tiiospherio  sputtering  constitutes 
a  serious  problem  at  low  orbital  altitudes  and  that  the  damage  at 
1  A.U,  by  solar  corpuscular  radiation  is  within  an  order  of  magni¬ 
tude  of  that  caused  by  micrcmeteorltes*  Recommendations  are  made 
regarding  areas  of  investigation  which  are  needed* 


212.  ULTRAVIOLET  EFFECTS  ON  SPACE  VEHICLE  OPERATION  IN  ULTRAHIGH  VACUUM 

ENVIRONMENT  22  SEPTEMBER  I960  TO  21  MARCH  1961  N.  Beecher,  W.  Versluys, 
C.  Accardo  and  P.  Warneck.  (National  Research  Corporation,  Cambridge, 
Massachusetts,  Contract  AF  li0(600)-906,  AEDC-TDR-62-16,  January  196<2. 

101  p.,  33  refs.)  AD-270  021 

The  effects  of  solar  extreme  UV  radiation  (1100  to  2000  Angstroms) 
is  being  studied  by  two  methods:  (1)  an  experimental  study  to  find 
gross  effects  on  polymers,  paints,  and  metallic  alloys  used  in  space 
vehicle  or  space  simulator  construction;  (2)  a  theoretical  study  to 
find  the  significance  of  photoemission  and  UV-induced  outgassing  on 
the  performance  of  the  space  vehicle  and  the  space  simulator.  A  UV 
source  was  developed  giving  as  effective  output  of  3  x  10  to  the  15th 
power  photons/sec  in  the  range  from  1100  to  1850  Angstroms  with  an 
ultrahigh  vacuum  system  capable  of  operating  in  the  low  10  to  the  -9th 
Torr  (mmHg)  range.  Irradiation  effects  including  outgassing  of  plastic 
samples  of  Mylar,  Teflon,  and  Plexiglas  are  given. 


ULTRAVIOLET  EFFECTS  ON  SPACE  VEHICLE  OPERATION  IN  ULTRAHIGH  VACUUM 
ENVIRONMENT  22  MARCH  1961  TO  22  SEPTEMBER  1961.  W.  Versliys  and 
N.  Beecher.  (National  Research  Corporation.  Cambridge,  Massachusetts. 
Contract  AF  li0(600)-906.  AEDC  TDR  62-17,  January  1962,  118  p., 

20  refs.)  AD  269  952 

Analytical  studies  and  experimental  results  are  presented  to  show 
the  gross  effect  of  extreme  UV  radiation  (110  to  1850  angstroms)  on 
materials  in  ultrahigh  vacuum.  Experimental  results  on  the  irradiation 
of  selected  metals,  plastics,  and  paints,  indicated  that  the  effects 
of  110  to  1850  angstrom  radiation  upon  materials  are  small  and  are 
similar  to  effects  caused  by  UV  radiation  of  longer  wavelengths.  Only 
the  high  quantum  yields  for  photo-emission  are  unique  for  the  extreme 
\iltraviolet  range. 


EFFECTS  OF  SPACE  RADIATION  ON  ELECTRONIC  COMPONENTS.  D.  J. 

Bat telle  Memorial  Institute.  (National  ^mposium  on  The  Effects 
of  Space  Environment  on  Materials,  St.  Louis,  Missouri, 

7-9  May  1962,  Up.,  27  refs.) 

There  is  little  information  available  describing  the  effects  of 
space  radiation  as  such  on  electronic  components.  Semiconductors 
have  been  studied  under  simulated  space  radiation  environment,  1.  e., 
proton  and  electron  bombardment.  Effects  on  other  types  of  electronic 
cOR^nents  are  extimated  by  comparison. 


PROPERTIES  OP  PAINTS  AS  AFFECTED  BY  ULTRAVIOLET  RADIATION  IN  A  VACUUM. 
PART  I.  F.M.  Noonan,  A  L.  Alexander  and  J..E.  Cowling.  (Naval  Research 
Laboratory,  Washington,  D.C.,  TRL  Report  5503,  13  July  I960,  39  p. ) 
AD-2li0  Hil 


NIKJLEAR  RADIAHON  EFFECTS  ON  ELECTRONIC  COMPONENTS.  (North  American 
Aviation,  Inc.,  Space  and  Information  £!ysteras  Division,  Downey, 
California,  Report  SID  62-315,  15  March  1962,  36  p.,  188  refs.) 

This  bibliography  surveys  the  open  and  closed  (document) 
literature  during  the  years  I960  and  196I  on  the  subject  of 
"Nuclear  Radiation  Effects  on  Electronic  Con5)onents." 

The  arrangement  is  alphabetically  by  source  -  periodical 
title  for  articles,  issuing  agency  for  technical  reports  and 
scientific  papers.  An  author  index  is  included. 


RADIATION  PULSES  AND  ELECTRONICS.  J^  W.  Clark  and 

Thomas  D.  Hanscome.  Hughes  Aircraft  Company,  Los  Angeles, 
XlIucTeonIcs7~l^T7l8,  No.  9,  September  I960,  pp,  7U-77, 

11  refs.) 

Ionizing  radiation  can  introduce  spurious  signals,  distort 
normal  ones  and  cause  permanent  malfunction.  Inspecting 
responses  to  short  pulses  sometimes  reveals  the  mechanisms 
involved. 


218.  RADIATION  STABILITT  OF  CERAMIC  MATERIALS.  C.  D.  Bopp  and  R.  L.  Towns. 
(Oak  Ridge  National  Laboratory,  Atomic  Energy  Commission, 

ORNL-2188,  30  August  1958,  p.  31) 


219.  EFFECTS  INTERSTITIAL  ELEMENTS  ON  MELDS  IN  ALPHA-BETA  TITANIUM  AILOYS. 
W.  J.  Lewis,  M«  L«  Kohn  and  Q.  E.  Faukner«  (Office  of  Technical 
Senrlces,  ^shington.  &.  C«,  3l  Warch  1956,  8?  p.)  (Order  from 
LC  mi|li.80,  ph|l3.80)  PB-129  U36 

V/ielding  studies  were  conducted  to  determine  the  effects  of  C, 

N,  and  0  on  the  mechanical  properties  of  inert-gas  metal -arc- 
welded  Joints  in  selected  ejcperimertial  alpha-beta  titanium  alloys. 
In  practically  all  cases,  these  elements  had  a  deleterious  effect 
on  the  ductility  and  toughness  of  welds.  A  study  also  was  made 
to  determine  the  effects  of  H  on  the  mechanical  properties  of 
titanium-iron  alloys.  Deleterious  effects  were  observed  on  the 
mechanical  properties  of  the  base  metals  and  welds  of  the  Ti-l,5Fe 
and  Ti-3,0Fe  alloys  due  to  added  H, 


220.  RADIATION  TOIERANCE  OF  SEIECTED  GROUP  OF  COAXIAL  CABLES. 

P.  E*  Proulex  and  others,  (Sandia  Corporation,  New  Mexico, 
5epornR3I55-59(l6),  18  January  I960) 


221.  STUDY  OF  PULSE  VOLTAGES  DEVELOPED  BY  COAXIAL  CABLES  DURING  PULSED 
NEOTRCW  IRRADIATE (XJ,  J,  M.  Caller,  (Sandia  Corporation, 
Albuquerque,  New  Mexico,  Report  T»-62^1(1U),  April  1961,  27  p. ) 


222,  EFFECTS  OF  GAMMA  RAY  AND  NEUTRON  IRRADIATION  C»I  COMPOSITICW  RESISTORS 
AND  HIGH  MEGCHM  RESISTORS.  T.  Nakai  and  T  Sakakibya,  (Sci. 

Pap,  Inst.  Phys.  Chem.  Res,,  ()apan,  Vol.  June  I960, 

pp.  170-176) 

Deals  with  two  ■types  of  composition  resistor,  one  composed  of 
carbon  granules,  a  jW.ller  and  a  syn'bhetic  resin  binder,  while  ■the 
other  consists  of  a  small  glass  •tube  covered  with  a  thin  film  of 
carbon  granules.  The  hi^Htnegohm  resistor  is  of  the  filAment 
type.  The  solid  types  of  resistor  change  in  resistance  when  exposed 
to  radla'tlon,  but  the  filament  types  are  fairly  radiaton-proof, 

VRien  exposed  to  10  r  of  gamma  radiation,  the  solid-type  resistors 
decreased  about  8$  (USA  pattern)  and  by  12-16^  (Japanese  pattern), 
FllaBient-'type  resistors  changed  by  less  than  1^,  i^le  highwnegohm 
resis'tors  decreased  by  amounts  of  i;q>  to  60S(,  Neutron  irradiation 
produced  similar  effects. 


.  EFFECT  OF  NUCIEAR  EXPLOSIONS  ON  RADIO  COMMUNICAnON.  H-  P.  WilUams. 
(Siape  Air  Defense  Technical  Centers,  The  Hague,  Technical  Memo 
1960/TM-5,  July  I960)  AD-2U1  W? 


RADIATION  EFFECTS  OF  UO  AND  1*1^0  NEV  PROTONS  ON  TRANSISTORS. 

Hulten,  National  Aeronautics  and  Space  Administration, 
Langley  Research  Center,  Langley  Station,  Virginia.  (Society  of 
Aerospace  Material  and  Process  Engineers  Syimiosium,  St.  Louis, 
Missouri,  7-9  May  1962,  k2  p. )  (OTS  ph$U.6o',  mf$l.l46) 

Experimental  results  are  presented  covering  the  data  collected 
before,  during,  and  after  the  bombardment  of  several  types  of 
transistors  with  Uo  and  i^i^O  Mev  protons.  The  data  indicate  a 
proton  energy,  as  well  as  a  transistor  frequency  dependence  on 
degradation  of  the  various  parameters  measured.  A  number  of 
figures  are  presented  showing  the  degradation  of  the  gain  of  the 
transistors  as  a  function  of  integrated  proton  flux. 


ACTION  OF  IONIZING  RADIATIONS  ON  CABLE  RUBBERS.  G.  I.  Dubrovin. 
Yu,  M«  Malinskii  and  V,  L,  Karpov,  (Soviet  Rubber  Technology, 
Vol,  IH.  No.  7.  19 69 .  OP.  6-l0) 


EFFECTS  OF  NUCLEAR  RADIATIC*^  ON  SOME  COMMON  MATERIALS  AND  ELECTRONIC 

COMPONENTS.  Newell  Hart  Smith,  (Space  Technology  Laboratories, 

Los  Angeles,  California,  GM-TR-ol65-00358,  U  February  1968,  2k  p., 

18  refs.)  AD  226  788 

This  report  has  been  written  to  provide  guidance  for  those  doing 
preliminary  design  of  equipment  to  be  exposed  to  nuclear  radiation. 

It  is  based  upon  a  review  of  many  of  the  documents  from  the  extensive 
literature  on  radiation  damage,  and  presents  information  from  the 
literatvire  concerning  radiation  damage  to  a  few  common  materials  and 
to  typical  electronic  equipment.  In  addition,  an  example  illustrat¬ 
ing  the  way  in  which  this  Information  may  be  useful  for  space  vehicle 
desugb  us  aksi  guveb. 


RESEARCH  ON  EF'^EC'^S  OF  NUCLEAR  RADIATION  ON  DIELECTRICS  AND  MAGNETICS. 
S.I.  Taimuty  and  C.A.  Rosen.  (Stanford  Research  Institute,  Menlo 
Park,  California,  Contract  AF  19(60U)-UlUl,  Scientific  Report  No.  1, 
AFCRC  TN-68-672,  Quarterly  Report  No.  1,  July  1968-September  1968, 

31  October  1968,  10  p. )  AD-160  886 

Preliminary  results  of  a  survey  of  the  literature  on  the  effects 
of  nuclear  radiation  on  magnetic  alloys,  ferroelectric  materials, 
and  quartz  are  presented.  Of  these  materials,  quartz  has  received 
the  most  attention,  followed  by  magnetic  alloys,  ferrites,  and  ferro¬ 
electric  materials,  in  that  order. 


RESEARCH  ON  EFFECTS  OF  NUCLEAR  RADIATION  ON  MAGNETIC  AND  DIELECTRIC 
MATERIALS.  S.  I«  Taiimity  and  C.  A.  Rosen.  (Stanford  Research 
Institute,  Menlo  f ark,  California,  Contract  AF  19(60it)-lill4l, 

Scientific  Report  No,  3,  AFCRC  TN  59-990,  10  November  1959)  AD  232  109 
(see  also)  AD  160  886  and  AD  220  630 

As  the  first  part  of  a  project  to  study  the  effect  of  nuclear 
radiation  on  magnetic  and  dielectric  materials,  three  instruments 
have  been  developed  to  measure  radiation-induced  changes  in  the  prop¬ 
erties  of  magnetic  and  ferroelectric  materials.  One  is  a  magnetic 
hysteresigraph  for  recording  hysteresis  loops  in  toroidal  magnetic 
samples  at  frequencies  of  1^00  cps  to  100  kcps.  The  second  is  an 
apparatus  employing  a  bridge  technique  for  small-signal  magnetic 
permeability  measurements  at  frequencies  of  l5-640  kcps.  The  thii’d 
is  a  ferroelectric  hysteresigraph  for  recording  hysteresis  loops  in 
ferroelectric  materials  at  frequencies  of  60-10.000  cos- 


CN  THE  RADIATION  HAZARDS  OF  SP'\CE  FLIGHT.  J.  A.  Van  Allen.  (State 
Ikiiversity  of  Iowa,  Report  SUI-59-7,  May  1^5$^) 


RADIATION  I'ffiASHREMENTS  TO  658,300  KILOMETFJIS  FTTH  PIONEER  IV. 
J.  A.  Van  Allen  and  L.  A.  Frank.  (State  University  of  Iowa, 
Report  SUI-59-18,  August  1959) 


NUCLEAR  RADIATION  TESTS  GOl'DUGTED  ON  HIGH-TaiPERATURE  RADIATION 
RESISTANT  GCMTONENTS  AND  GIRGUITRY.  xR.  K.  ^ons.  (Sjystems 
Research  Laboratories,  Inc.,  Dayton,  Oiio,  Contract  AF  33(600)-38lUl, 
BRC-13565,  Progress  Report  No.  107-12,  10  November  I960) 


PERFORMANCE  OF  A  SPECIAL  D  IFiTSRi-HTI  .AL  TRAMSFOK'ER  MD  AM  EDDY 
CURRENT  COIL  HT  A  HIGH  GA'-’-lA  FLUX  EITVIRONI-ffiNT.  G.  J.  Pokorny 
and  J.  E.  Ayer.  (Uhiversity  of  Chicago,  Argonne  National 
Laboratoiy,  !temont ,  Illinois,  ANL-5988,  F^31-109*^'ng-38, 

July  1959) 


EFFECTS  OF  PULSED  I'F.UTRONS  OF  HTFRARED  DETECTORS.  J.  C.  Marshall. 
(U»  S.  Air  Force  Institution  of  Technology,  HVight-Patterson 
Air  Force  Baae,  Ohio,  Master's  Thesis,  Report  No,  GA/Phys/60-li, 
August  i960)  AD-2U6  U65 


STUDY  OF  THv  DYIIAMIC  CH/\RAGTERISTICS  OF  THE  T  UNITED  DIODE  AS  AFffiCTED 
BY  ELECTRON  BOMB.ARDFtENT.  D.  L.  Phillips.  (U.  S.  Air  Force 
Institution  of  Technology,  lifright-Patterson  Air  Force  Base,  Ohio, 
Report  C2:/EE/60-12,  August  I960)  AD  21*6  1*73 


235.  THEORETICAL  AND  EXPERIMENTAL  STUDIES  CONCERNING  RADIATION  DAMAGE  IN  SELECTED 
COMPOUND  SEMICONDUCTORS.  L.  tf.  Aukennan,  E.  M.  Baroody.  R.  D.  Graft 
and  T.  S.  Shilliday.  (United  States  Air  Force,  Office  of  Aerospace 
Research,  Aerospace  Research  Laboratory,  ARL  62«31i3,  May  1962,  62  p., 
h2  refs . ) 


236.  THEORETICAL  STTY  OF  Jl.'RST  IIJDUCLD  TiUlNSIEOT  RADIATION  F.F.T5CTS  IN 
BASIC  ELECTRONIC  CIRGiriTS.  J.  E.  Bell  and  K.  R.  Walker,  Hughes 
Aircraft  Compare,'",  Culver  City,  Ca li f  ornia .  (U,  S.  .lir  Force 

Special  L'eapons  Center,  Teclmical  Renort  6l-U0,  15  May  1961, 

280  p.)  AD  262  U90 


237.  RADIATION  HEAT  TRANSFER  ANALYSIS  FOR  SPACE  VEHICLES.  A^PENDK  A  - 
TABLES  OF  EMISSIVITY  AND  ABSORPTIVITY.  APPENDIX  B  -  PLANETARY 
THERMAL  EMISSION  AND  PLANETARY  REFLECTED  SOLAR  RADIATION  INCIDENT 
TO  SPACE  VEHICLES.  J.  A.  Stevenson  and  J.  C .  Grafton,  (U,  S, 

Air  Force,  Systems  Command,  Aeronautical  Systems  Division, 

Flight  Accessories  Laboratory,  ASD  TR  61-119,  Part  I, 

December  1961,  li20  p.,  113  refs.) 

Discussion  of  the  problems  associated  with  the  analysis  of  heat 
transfer  in  space.  The  basic  principles  of  thermal  radiation  are 
reviewed,  and  the  theory  of  radiation  heat  transfer  is  discussed 
with  particular  reference  to  the  thermal  radiation  environment  in 
space#  Several  available  methods  of  radiation  heat  transfer  are 
outlined,  and  the  accuracy  and  versatility  of  the  radiosity  analog 
network  method  is  demonstrated.  An  IBM  7090  program  is  presented 
which  permits  calculation  of  space-vehicle  shell-temperatures,  as 
well  as  of  the  incident  radiant  energy  acting  on  a  vehicle.  This 
program  is  shown  to  accurately  simulate  any  elliptical  or  circular 
satellite  orbit.  To  facilitate  the  analysis  of  radiation  heat 
transfer,  a  vd.de  range  of  calculated  configuration  factor  data  is 
tabulated. 


238.  SEMICONDUCTOR  DIODE  PERFORMANCE  IN  NUCLEAR  RADIATION  ENVIRONMENTS. 

Appendix  A-GENERAL  PURPOSE  DIODE  INSTRUMENTATION.  Appendix  B- 
MICROtfAVE  INSTRUMENTATION  AND  SHIELDING  REQUIREMENTS.  Appendix  C- 
NEUTRON  FLUX  SPECTRA  AND  EXPOSURE  MEASUREMENTS.  H.  G.  Hawre, 

R«  C«  Bareli  and  tf.  N«  McElroy.  (United  States  Air  Force, 

Systems  Command,  Aerospace  Systems  Division,  ASD  TDR  62-12, 

May  1962,  87  p.,  21  refs.) 

Determination  of  the  performance  characteristics  for  two  types  of 
general  purpose  diodes,  and  for  five  types  of  microwave  diodes,  in 
radiation  environments  equivalent  to  at  least  1,000  hours  exposure 
to  lO'*’  neutron/cra*  -sec.  and  2  x  10^  rad/hr.  None  of  the  units 
studied  show  satisfactory  performance  characteristics  after  this 
exposure,  although  the  germanium  IN263  point-contact  diode  is  degraded 
less  than  others  investigated,  and  still  exhibits  measureable 
properties  following  the  exposure.  Results,  althoiigh  not  conclusive, 
seem  to  indicate  that  energizing  the  microwave  mixers  at  X-band 
(9375  nc)  during  radiation  is  helpful  in  prolonging  the  life  on  the 
units. 


239.  TRANSIENT  EFFECTS  OF  PUISE  RADIATION  ON  ELECTRONIC  PARTS. 

A.  L.  Long  and  H«  J.  Degenhart.  (U.  S,  Arn^  Signal  Research 
and  Development  Laboratory,  Fort.  Monmouth,  New  Jersey, 

20  January  195'9) 


2hO.  RADIATION  DMAGE  —  SURVEY  OF  THE  FIELD,  A.  L,  Hanzel.  (U.  S.  Naval 
Ordnance  Laboratory,  Research  Department,  Corona,  California, 
Technical  Ifemorandum  U2-30,  May  1959) 


2U1.  RADIAnON  DAJ-IACE  THRESHOLDS  FOR  PERMANENT  MAGNETS.  R.  S.  Sery, 

R«  H.  Lundsten  and  D.  I.  Gordon.  (U,  3,  Navy,  Naval  Ordnance 
Laboratory,  VJhite  Oak,  Harylanii,  Report  'IR  61-U5,  18  May  1961, 
35  P.) 


2li2.  X-RAY  DIFFRACTION  CORRELATION  BETVSEN  RADIATION  DAl^A®  AND  COMPOSITION 
OF  RUBBER,  W,  E,  Shelberg  and  L,  H,  Gevantman,  (U»  S,  Navy,  Naval 
Radiological  Defense  iLaboratory,  San  P^rancisco,  USNRDL-TR-356, 
NS-033-200,  AEG,  12  August  1959)  AD  228  835 


2h3.  EFFECT  OF  RADIATION  UPON  CERAMIC-BANDED  STRAIN  GAGES.  N.  J.  Rendler 
and  R.  C,  Si^th.  (U,  S.  Navy,  Naval  Research  Laboraiory, 
Washington,  D.  C.,  Report  NnL-5U50,  20  April  I960) 


2U1|.  RADIATION  EFFECTS:  APPARATUS  FOR  IN-PILE  ELECTRICAL  MEASUREMENTS 
AND  EFFECT  OF  RADIAHON  UPON  STRAIN  C,AGE  INSUIATION  COMPONENTS. 

N.  J.  Rendler.  (U.  S.  Navy,  Naval  Research  Laboratory, 
Washington,  D.  C.,  NHL  Report  No.  567U>  2  October  1961,  30  p.) 
AIV265  773 

Test  facilities  were  developed  for  a  series  of  in-pile  experi- 
m«its  to  be  inserted  in  the  reactor  core  immediately  adjacent  to 
the  fuel  element  assembly  of  the  NRL  pool-type  reactor.  The 
apparatus  design  includes  provision  for  in-plle  electrical 
measurements,  in-pool  assembly  and  disassembly  of  experiments, 
temporary  storage  in  the  pool  and  transfer  capability  for  post¬ 
irradiation  operations  in  the  hot  cell.  The  program  of  study  of 
the  effects  of  nuclear  irradiation  upon  the  components  of  the 
ceramic  bonded  strain  gage  was  continued  with  evaluation  of  the 
electrical  resistance  of  lead  wire  insulation.  The  insulation 
resistance  between  electrical  conductors  was  maintained  at 
values  greater  than  10,000  megohms  during  an  exposure  to  an  inte¬ 
grated  fast  neutron  flux.  The  high  values  of  resistance  were 
obtained  with  a  ceramic-type  wire  insulation  tested  in  an  inert 
atmosphere  of  dry  helium. 


2U5.  properties  of  paints  as  effected  by  ultraviolet  radiation  in  a 

VACUUM-PART  2.  D.  E«  Fieldj  J«  E«  Cowling  and  F«  M«  Noonan» 

(U*  S.  Navy,  Naval  Research  Laboratory,  Washington,  D*  C., 
Projects  RR  007-08-Ult-$508  and  SF  015-07-02-33U9,  NRL 
Report  5737,  8  March  1962,  28  p.,  10  refs.)  AD  273  716 

Organic  coatings  are  being  studied  as  one  possible  means  of 
achieving  temperature  control  within  space  vehicles.  However, 
their  usefulness  in  the  space  environment  may  be  limited  by 
their  physical  and  chemical  stability  in  space.  It  is  shown  that 
the  optical  properties  of  most  organic  coatings  are  changed  on 
exposure  to  intense  ultraviolet  radiation  in  high  vacuum.  Of 
the  reflective  pigments  studied,  those  containing  zinc  sulfide 
and  leafing  aluminum  are  shown  to  be  most  stable  to  this 
radiation. 


2U6.  PfK)CEEDINGS  OF  THE  CONFERENCE  ON  TRANSIENT  EFFECTS  OF  PULSED  NUCLEAR 
RADIATION  ON  ELECTRONIC  EQUIPMENT.  V.  E.  Biyson  and  A.  F.  Vetter. 
(VAright  Air  Development  Center  TR  60>2bi,  August  1959,  SECRET) 


2li7.  STUDIES  ON  THE  PROTECTIVE  UITRAVIOLET  ABSORBERS  IN  A  SPACE  ENVIR(»fMENT. 
R.  C.  Hirt  and  R.  G.  Schmitt.  American  Cyanamid  Company,  Central 
Research  Division,  Stamford,  Connecticut.  (Wright  Air  Development 
Division,  Wright-Patterson  Air  Force  Base,  Ohio,  WADD  TR  60-773) 
also  (Coatings  for  the  Aerospace  EnvironmmAt,  Proceedings  of  Jfeeting, 
Wright  Air  Development  Division,  9-10  November  I960,  p.  273) 

The  piirpose  of  this  investigation  is  to  study  the  effects  of  a 
space  environment  on  the  protective  ultraviolet  absorbers,  with 
major  emphasis  on  their  stability  to  evaporation  and  short  wave¬ 
length  ultraviolet  radiation  under  a  high  vacuum.  The  requirements 
for  an  effective  ultraviolet  absorber  are  that  it  absorb  strongly 
In  the  wavelength  region  to  which  the  plastic  is  photosensitive, 
that  it  be  relatively  stable  to  this  radiation,  and  that  it  be 
compatible  with  the  material  in  which  it  is  used.  Certain  benzo— 
phenone  and  benzotrlazole  derivatives  have  these  desirable 
properties  and  have  provem  themselves  invaluable  for  many 
terrestrial  applications. 


21*8.  MICHDMETECRITE  MEASUREMENTS  FOR  THE  MIDAS  II  SATELLITE  (I960  ^TA  l). 

R.  K»  Soberman  and  L,  Dalla  Lucca.  (Air  Forca  Cambridge  Research 
Laboratories,  Bedford^  ^asachuaetta.  Report  No,  AFCRL-1053, 

GRD  Research  Notes  No,  72,  November  1961,  7  p.,  5  refs.)  AD-268 

Five  microraeteorite  sensing  devices  were  carried  on  board  the 
Midas  II  (i960  2sta  l)  satellite  which  was  launched  into  an 
appreadmately  500-kra  circular  equatorial  orbit  on  2l*  May  I960. 

The  five  devices  consisted  of  three  acoustic  detectors  and  two 
wire-grid  detectors.  Data  were  obtained  for  four  partial  orbits. 
These  data  were  recorded  in  real  time.  There  were  no  breaks  in 
the  wire  grids  which  could  record  inlets  of  particles  larger  than 
10  microns.  Sixty-seven  lJl^}acts  were  recorded  on  the  acoustic 
detectors  which  had  a  momentum  threshold  of  3  x  10  to  the  -I*th 
power  gm  cm/sec  and  a  total  area  of  0.0686  sq  m.  These  results 
indicate  a  flux  of  0.25  sq  m  sec  of  particles  5  microns  in  diameter 
er  larger  if  one  assumes  a  mean  velocity  of  15  ki^/soc  and  a  density 
of  3  gnv'cc  for  the  particles.  The  discrepancy  between  acoustic  and 
wire-grid  data  is  discussed. 


21*9.  METEORIC  EFFECTS  ON  ATTITUDE  CONTROL  OF  SPACE  VEHICLES.  J.  B.  White. 
National  Aeronautics  and  Space  Administration,  Marshall  Space 
Flight  Center,  Huntsville,  Alabama.  (ARS  Journal,  Vol,  32,  No.  1, 
January  1962,  pp.  75-78,  5  refs. ) 

To  design  adequately  an  attitude  control  system  for  an  orbital 
vehicle,  it  is  necessary  to  know  the  magnitudes  of  the  disturbances 
acting  on  the  vehicle,  Niomerous  papers  are  available  dealing  with 
disturbances  resulting  from  Earth's  gravitational,  magnetic  and 
electric  fields,  aerodynamic  drag,  and  solar  radiation  pressure, 
but  little  has  been  done  to  determine  attitude  disturbance  due  to 
meteoric  bombardment.  The  purpose  of  this  paper  is  to  develop 
general  methods  for  determining  meteoidc  disturbances  for  any 
known  vehicle  configuration;  the  methods  are  then  applied  to  the 
2l*-hr  communication  satellite  for  illustrative  purposes.  Probable 
disturbance  is  in  the  order  of  10”*deg/sec,  Calculated  inpact 
density  agrees  favorably  with  that  measured  by  Explorer  I  and  a 
Vanguard. 
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.  DESIGN  RECOIMENDATIONS  FOR  SPACE  VEHICIE  COMPONENTS  WITH  REGARD  TO 

THE  ME5TEOROI3)  ENVIRONMEINT »  Gerald  J»  Cloutier*  (AVCO  Corporation^ 
Research  and  Advanced  Development  Division,  VJllmington, 
Massachusetts,  Contract  AP  Oli(6U7)-305,  Technical  Memo 
No.  RAD-9-TM-60-59,  16  September  I960,  16  p.)  AD-2U3  227 

This  report  combines  existing  data  on  the  number,  mass,  density, 
and  velocity  of  meteoroids  with  analytically  determined  formulas 
for  hypervelocity  impact  to  determine  the  frequencies  of  puncturing 
of  various  thicknesses  of  aluminum  and  steel  plates.  Then  the 
concept  of  reliability  is  introduced  to  provide  basis  for  the 
preliminary  design  of  exposed  surfaces  in  space.  An  estimate  of 
the  surface  damage  an  object  in  space  will  sustain  due  to  meteoroid 
bombardment  is  made,  using  ^s  a  criterion  the  percent  of  total 
surface  area  which  is  affected.  Finally,  there  is  a  discussion  of 
methods  of  protecting  various  components  of  space  vehicles  from 
meteoroid  damage. 


251.  INTERNATIONAL  SYMPOSIUM  ON  THE  PHYSICS  AND  MEDICINE  OF  THE  ATMOSPHERE 
AND  SPACE,  SECOND,  SAN  ANTCailO,  TEXAS,  10-12  NOVEMBER  1959, 

Otis  0.  B^son,  Jr.  and  Hubertus  Strughold.  Editors.  (John  Wilev 
Ac  Sons,  New  York,  I960,  6l[|5  p.I 

Contents  include  an  article  entitled,  "Effects  of  interplanetary 
dust  and  radiation  environment  on  spauje  vehicles,"  which  has  37 
references. 


252.  METEORITIC  DUST  AND  GROtND  SIMULATION  OF  IMPACT  ON  SPACE  VEHICIES. 
Donald  H«  Robey,  Convair-Astronautics,  A  Division  of  General 
Dynamics  Corporation,  San  Diego,  California,  (British  Inter¬ 
planetary  Society,  Journal,  Vol,  17,  No,  1,  January-February  1959, 
pp.  21-30,  37  refs,) 

A  general  discussion  of  meteoritic  dust  is  presented  and 
deductions  pertaining  to  the  physical  properties  and  probable 
speeds  are  given.  Thus,  the  siliceous  (glass-like)  and  magnetic 
(iron-nickel)  spherules,  which  are  foimd  on  the  ground,  are 
believed  to  originate  at  meteor  altitudes  from  vaporized  meteorites 
A  large  quantity  of  smaller  sized  dust  is  believed  to  be  cometary, 
either  arriving  directly  from  comets,  etc,,  per  se,  or  indirectly 
from  exploding  or  disintegrating  meteoroids.  The  possibility  that 
a  portion  of  the  influx  of  meteoroids  may  contain  a  sizeable 
percentage  of  frozen  molecular  fragments  has  influenced  the  results 
For  example,  from  this  hypothesis,  the  possibility  of  a  dust  cloud 
siirrounding  the  Earth  and  extending  out  for  several  thousand  miles 
has  been  suggested.  Also,  the  correlation  between  prominent 
meteor  showers  and  excessive  rainfall,  snow  cover  and  cirrus  cloud, 
as  noted  by  Bowen,  can  be  explained  on  this  basis. 


253.  EFJECTS  OF  MICRCMETEORITES  ON  SPACE  VEHICI£S.  AN  ANNOTATED  BIBno- 
GfflAPHY.  ADDENDUM  TO  THE  SPACE  I-IATERIALS  HANDBOOK. 

J,  B.  Goldmann  and  Vf«  L,  Hollister.  (Lockheed  , aircraft 
(Jorporation,  Sunnyvale,  California,  Contract  AF  Ol|(6li7)-673, 

Report  No.  3-3U~61-5>  Special  Bibliography  No,  SB-61 -37), 

July  1961,  U6  p.,  116  refs.)  AD-263  821 

The  references  included  in  this  publication  were  gathered  to 
present  infonnation  on  the  effects  of  cosmic  dust,  micrometeorites, 
and  meteorites  on  space  vehicles.  The  erosive  effects  of 
microraeteorites  and  cosmic  dust  are  included.  Also  included  are 
the  penetration  effects  of  meteorites.  Information  on  the  effects 
of  erosion  and  penetration  on  thermal  contract  surfaces,  effects 
on  structures  and  effects  on  optical  devices  were  included. 
Theoretical  and  experimental  research  on  erosion  and  penetration 
were  also  included.  References  are  arranged  alphabetically  by 
author,  . 


251i.  PRELIMINARY  INVESTIGATION  OF  IMPACT  ON  MULTIPLE-SHEET  STRUCTURIJS  MD 
AN  EVALUATION  OF  THE  METEOROID  HAZARD  TO  SPACE  VEHICLES. 

C.  Robert  Ny smith  and  James  L,  Summers.  (National  Aeronautics  and 
^ce  Administration,  ^'lashington,  D.  C,,  Technical  Note  D-1039, 
September  1961,  27  p.) 

Small  pyrex  glass  spheres,  representative  of  stony  meteoroids, 
at  velocities  to  11,000  ft/sec  were  fired  into  202i4-T3  aluminum 
alclad  multiple-sheet  structures  to  evaluate  their  effectiveness 
for  shielding  spacecraft  from  meteoroids.  These  tests  indicated 
that  the  penetration  resistance  of  a  structure  of  constant  weight 
per  unit  area  is  inproved  by;  (l)  increasing  the  number  of  sheets 
while  keeping  the  total  sheet  thickness  constant,  (2)  increasing 
the  spacing  between  the  sheets,  and  (3)  filling  the  space  between 
the  sheets  with  a  light  filler  material.  The  penetration  resistance 
is  increased  by  a  factor  of  1,75  when  a  single  sheet  of  material 
is  divided  into  two  sheets  space  l/2  in.  apart.  With  a  1  in, 
spacing  between  the  sheets,  resistance  is  increased  by  a  factor  of 
about  2,2  over  the  single  sheet  of  the  same  total  material  thickness. 
Four-sheet  are  about  1,2  times  as  effective  as  the  two-sheet 
structures  for  both  1/2  and  1  in,  spacings. 


255,  METEORITIC  HAZARD  OF  THE  ENVIRONMENT  OF  A  SATELLITE.  J.  E.  Duberg. 

(National  Aeronautics  and  Space  Administration,  Washington,  D.  C,, 
Technical  Note  D-12U8,  May  1962,  3l|  p.,  23  refs.) 

Review  of  the  current  knowledge  of  meteorites,  their  composition, 
and  frequency  of  occurrence.  A  meteoroid  flux  as  a  function  of  mass 
that  has  been  proposed  by  Whipple  is  compared  with  the  direct 
measurements  obtained  to  date  by  rockets,  satellites,  and  space 
probes.  On  the  assumption  of  a  Poisson  distribution  for  the 
probability  of  ijq)act8  and  a  penetration  law  which  represents  a 
mean  of  those  proposed  for  high-velocity  impact,  the  probability 
of  penetration  of  Earth  satellite  surfaces  is  obtained. 


256*  STUDY  OF  HYPERVELOCITY  IMPACT  OF  PARTICLES  ON  MATERIALS.  (North 
American  Aviation,  Inc.,  Missile  Division,  Dowiey,  California, 

Final  Summary  Report  MD-59-lll+>  June  I960,  35  P*) 

In  order  to  gain  information  on  the  probable  effects  of  micro¬ 
meteorite  impacts  upon  spacecraft  construction  materials,  a 
hypervelocity  gun  system  was  developed#  This  system,  accelerating 
spheiical  projectiles  by  aerodynamic  drag  in  the  flowing  high- 
temperature  gas  generated  by  high-energy  capacitor  discharge  in  a 
partially  confined  mass,  has  produced  impact  data  at  velocities  up 
to  9*5  km  per  sec  (31^000  fps)#  The  generated  plasma  flow  through 
the  accelerating  channel  does  not  disrupt  100  p,  diameter  borosilicate 
glass  spheres  during  the  process#  Sphere  integrity  is  monitored  in 
flight  by  a  sensitive  light-scattering  technique# 

Quantitative  target  damage  is  reported  for  20214-0  aluminum,  both 
clad  and  bare,  and  for  LA  II4I  magnesium-lithium  alloy#  Both  crater 
depth-to -diameter  ratios  and  crater-to-projectile  volume  ratios  are 
reported.  The  full  potaitial  of  the  accelerating  technique  has  not 
yet  been  reached. 


257.  EFFECT  OF  MICROMETEORITE  COLLISIONS  ON  SPHERICAL  WIRE-MESH  PASSIVE 
REFLECTORS,  Edward  Bedrosian,  (Rand  Corporation,  Santa  Monica, 
California,  Contract  NASr-21,  RM-32714-NASA,  August  1962,  12  p. , 

6  refs. ) 

This  Memorandum  investigates  the  possible  effects  of  micro- 
meteorites  in  reducing  the  useful  lifetime  of  a  spherical  wire- 
mesh  passive-reflector  communications  satellite.  Theoretical 
conditions  are  postulated  under  which  a-  wire  composing  part  of 
the  mesh  might  be  severed  by  a  hyper-velocity  collision  with  a 
micrometeorite.  This  criterion,  taken  with  the  known  flux  of 
micrometeorites,  is  used  to  compute  the  probability  that  such 
collisions  will  degrade  the  electrical  performance  of  such  a 
reflector.  It  is  concluded  that  they  will  not  significantly 
effect  its  useful  lifetime. 


258.  HYPERVELOCITY  PARTICLE  EFFECTS  ON  MATERIAL#  Victor  B#  Scherrer 

and  Robert  R#  McMath.  (Technical  Operations,  Inc#,  Burlin^on, 
Massachusetts,  Contract  AF  33(6l6)-81;23#  Report  No.  TO-B  62-3, 
Quarterly  Progress  Report  No.  2,  31  December  1961,  I6  p.) 

AD-272  669 

The  range  of  projectile  densities  was  extended  from  0#9  to 
2# 2  with  the  successful  acceleration  of  polyethylene,  Hy-lar  and 
Teflon  particles.  Velocities  in  excess  of  32,000  ft/sec  were 
achieved  with  Itylar  particles  10  mils  thick,  0.375  and  0.5  in. 
diam.,  and  weighing  2U.7  and  Ui  mg#  respectively.  A  single 
particle  impact  was  achieved  with  the  smaller  particle. 
Successful  projection  of  11-mg  Viylar  particles  to  velocities 
of  20,000  to  62,800  ft/sec  was  achieved.  Target  materials 
included  lead,  lucite,  and  wax.  Laboratory  equipment  includes 
an  energy-storage  system  consisting  of  a  paralld.  connection  of 
eight  l-mlcrofarad  capacitors  discharged  by  a  hypervelocity  gian, 
a  streak  camera,  a  hi^-intensity  pulsed  backlighting  source, 
photomultiplier  tubes,  and  crater  profile  tracing  equipment. 


259.  research  on  THE  EFFECTS  OF  COLLISIONS  OF  SMALL  PARTICLES  LSTH' BODIES 
MOVING  AT  HYPERSONIC  SPEED.  PART  III.  EROSION  AND  HF,AT 'TRANSF-ER 
EFFECTS.  G.  VMtnaht  J.  Upton,  R.  Grii’fithj  G.  Morfitt, 

G»  Jorgenson  and  D.  Rotenberg,  General  Mills,  Inc.,  Mechanical 
Division,  Research  Department,  Minneapolis,  Minnesota.  (Wright  Air 
Development  Center,  Technical  Report  58-U98,  Part  III,  December  I960, 
76  p.)  AD-25i4  021 

A  small  number  of  surface  pits  is  extremely  effective  in 
increasing  the  heat  transfer  to  a  body  under  the  flow  conditions  of 
atmospheric  re-entry.  The  effects  of  distributed  surface  roughness 
on  convective  heat  transfer  to  spherical  surfaces  were  studied, 
using  copper  models,  three  with  surfaces  uniformly  roughened  with 
hemispherical  pits,  and  one  with  a  smooth  surface.  Tests  were  con¬ 
ducted  in  a  blow-down  flow  channel  which  simulate^  aerodynamic 
characteristics  of  hypersonic  flight.  Local  heat  transfer 
coefficients  were  obtained  with  specially  developed  flux  meters 
installed  in  the  models.  Data  are  presented  for  72  runs  of 
approximately  20  sec  duration.  Stagnation  pressures  of  either 
2,6  atm  or  3,9  atm  were  used  with  each  model.  The  average 
stagnation  ten?)erature  was  Ul7  ♦  11  K  for  all  runs. 


260.  ELEVATED  TEMPERATURE  BEHAVIOR  OF  FIBERS.  Stanley  Schulnuin. 

(Aeronautical  Siystems  Division,  Directorate  of  Materials  and 
Processes,  Wright-Patterson  Air  Force  Base,  Ohio,  Project  No.  73201, 
Report  on  fibrous  Materials  for  Decelerators  and  Structures, 
July-October  i960,  August  I96I,  12  p.,  WADD  TN  60-298)  AD-267  360 

A  study  was  conducted  to  determine  the  mechanical  behavior  of 
fibers  at  high  ten^ratiires  for  varied  periods  of  time.  These 
fibers  are  candidate  materials  for  decelerators,  wd  expandable 
and  rigid  structures  for  satellites  or  space  vehicles.  Besides 
condition  of  extremes  of  ten?)erature,  these  fibers  will  have  to  be 
capable  of  operation  under  shock,  vibration,  solar  and  cosmic 
radiation  and  related  aerospace  environments.  These  high  tempera¬ 
ture  fibers  were  evaluated  in  filament  form  at  temperatures  ranging 
from  70  F  (6$%  relative  humidity)  to  2000  F,  B3.nce  fibers  normally 
were  of  diameters  as  low  as  0.0003  in.,  special  equipment  and  pro¬ 
cedures  were  designed  to  obtain  their  basic  propei^ies* 


261.  DEVELOPMENT  OF  MAGNET  WIRES  GAPABIE  OF  OPERATION  AT  850  DECREES  C  AND 
UNDER  NUCLEAR  RADIATICai.  Wesley  W.  Pendleton  and  John  P.  Fekete. 
(Anaconda  Wire  and  Cable  Company,  Muskegon,  Michigan, 

Contract  AF  33(6l6)-7U73,  Interim  Scientific  Report  No.  3, 

1  March-30  June  1961,  30  June  1961,  26  p.)  AD-267  176* 

44I0  automatic  release  to  Foreign  Nationals. 

Available  single  metal  clad  conductors  are  not  suitable  for 
850  G  operation  because  of  excessive  migration  of  cladding  and  Cu 
core.  It  is  possible  to  produce  a  conductor  with  a  metallic 
oxide  separator  between  sheath  and  core  which  may  stopy  alloying 
activity.  Tensile  properties  of  Cu  are  seriously  affected  by 
prolonged  heating  at  850  C,  Explosion  techniques  achieve  complete 
consolidation  of  plasma- jet  sprayed  metal  coatings.  Thermospray 
techniques  where  the  metallic  oxide  is  fed  into  a  flame  at  5000  F 
were  successful  in  forming  the  separator  on  Cu  rod  prior  to 
insertion  in  the  cladding  tube.  Vacuum  plus  850  C  produces  visible 
evaporation  of  copper.  Nucleated  glasses  suitable  for  wire 
insulation  were  produced,  A  new  technique  for  carbon  removal  was 
developed  utilizing  oxidation  agents.  Thermospray  methods  were 
applied  to  encapsulating  colls  with  limited  success. 


262.  EFFECTS  OF  THERMAL  ENVIRONMENT  ON  LAMINATED  PLASTICS.  S.  W.  Place. 
(Applied  Plastics,  Vol.  3,  February  I960,  pp,  I4U-U6) 

The  effects  of  extreme  ten^erature  and  humidity  conditions  on 
characteristics  Important  in  electrical  and  mechanical  applications 
are  briefly  discussed. 


263.  SURFACE  EFFECTS  CW  SPACECRAFT  MATERIAIS.  Francis  J.  C1«U3S.  Editor. 
(John  Wiley  &  Sons,  New  York,  I960,  UOU  p-, ) 

Presents  papers  given  at  a  symposium  held  at  Palo  Alto, 
California,  12-13  May  1959,  on  the  effect  of  surface  thermal- 
radiation  characteristics  on  the  temperature-control  problem  in 
satellites;  temperature  control  of  the  Explorers  and  Pioneers, 
coatings  for  space  vehicles;  emissivity  of  materials  near  room 
temperature.  Vanguard  emittance  studies  at  NRL;  emissivity, 

.  absorptivity,  and  high-temperature  measurements  at  Armour  Research 
Foundation;  material  sublimation  and  surface  effects  in  high 
vacuum;  surface  phenomena  and  friction;  measurements  of  extreme 
ultra-violet  solar  radiation  and  associated  photoelectric  emissions 
from  solids;  interplanetary  dust  distribution  and  erosion  effects; 
atomic  and  molecular  sp  tterlng;  and  other  problans. 


26I4.  NEW  extreme-temperature  SILICONE  ENCAPSULANT.  J.  B.  Allen. 

M»  E«  Nelson  and  R«  L,  Spraetz.  (Electrical  Manufacturing, 
Vol.  63,  No.  1,  January  1959,  pp.  10-11) 


265.  EFFECTS  OF  TEMPERATURE  ON  HIGH-FREQUENCY  TRANSISTORS.  C.  R.  Gray 

and  T.  C.  Sowers.  Lansdale  Division,  Philco  Corporation,  Lansdale, 
Pennsylvania.  (Electro-Technology,  Vol  70,  No.  1,  July  1962, 
pp.  IOI4-IO6) 

Variations  in  the  parameters  power  gain,  bandwidth,  noise  flgture, 
power  output  and  frequency  shift  are  caused  by  temperat\a:*e  changes 
of  the  high-frequency  genaaniun  diffused-base  transistor.  A  number 
of  measurements  have  been  made  which  relate  high-frequency  transistor 
parameters  )Philco  MADT  type)  to  ambient  tenqperatures  ranging 
from  60  to  +80  C, 


266.  TiERI-LU.  PROBLEMS  OF  SATELLITES.  G.  H.  Heller.  (Fifth  Sagamore 
Confernnce  on  Ordnance  Materials )  AD— 205  88O 


267.  HOW  ENVIRONMINT  AFFECTS  MACaJETIC  RECORDING  TAPE.  Clarence  B.  Stanlqr. 

(IRE  Transactions  on  Space  Electronics  and  Telemetry,  Vol.  371-6, 
No.  1,  March  I960,  pp.  19-2li) 

The  Increasing  emphasis  on  higher  and  higher  operating  and/or 
storage  temperatures  for  data  acquisition  apparatus  requires  a 
critical  appraisal  of  the  behavior  of  available  magnetic 
recording  tapes  as  their  rated  operating  limits  are  approached 
or  exceeded.  Critical  temperatures  and  observed  effects  are 
described. 


268.  WHAT  ARE  THE  COMBINED  EFFECTS  OF  TH-IPERATURE  AND  VERY  HIGH  PRESSLRE 
ON  METALS?  R.  B.  Elscher.  Battelle  Manorial  Institute,  Columbus, 
Ohio.  (Journal  of  Metals,  Vol,  12,  September  i960,  pp,  700-702) 

The  inception  of  high-pressure,  high-temperature  operation  has 
opened  many  new  avenues  of  investigation.  The  article  discusses 
the  possible  effects  of  both  on  electrical  resistance,  ductility, 
hardening,  and  other  mechanical  and  structural  properties  of  metals. 


269.  THERMAL  RADIATION  EFFECTS  ON  DECELERATOR  MATERIALS.  Peter  E.  Glaser 
and  Sabino  Merra.  (Arthur  D.  Little,  Inc.,  Cambridge,  Massa- 
chusetts,  A?  l3(6l6)-7692,  Technical  Documentary  Report  ASD-TDR-62-185 
February  1962,  $1  p.,  16  refs.)  AD  273  872 

An  investigation  was  made  of  the  effects  of  thermal  radiation 
on  the  strength  of  fibrous  materials  used  in  deceleration  devices. 
Approximately  1|00  tests  were  run  on  webbing  and  tape  materials  of 
various  strengths.  The  work  involved  the  development  of  laboratory 
equipment  to  simulate  the  thermal  shock  of  a  nuclear  blast,  flux 
redistributors,  a  high-velocity  air  supply,  and  a  static  loading 
device • 


270.  ULTRA  HIGH  TEMPERATURE,  RADIATION  RESISTANT,  PRECISION  POTENT ICMETERS. 
A.  S.  Halpem.  (Markite  Company  of  New  York,  New  York,  Quarterly 
Report  No.  3*  10  June  I960)  AD-2U5  807L 


271.  HOW  LOW  TEMIERATURES  AFFECT  ^IINE  HIGH  STRENGTH  ALLOYS.  R.  L.  McGee. 

J.  E.  Campbell,  R.  L.  Carlson  and  G.  K.  Manning.  (Materials  in 
Design  Elngineering,  Vol,  50,  November  1959,  PP.  106-107) 

Recent  development  in  the  aircraft  and  missile  fields  require 
the  use  of  materials  at  extremely  low  temperatures.  The  main 
reason  is  that  liquid  propellants  can  be  retained  only  at 
temperatures  of  -297, F  (boiling  point  of  liquid  oxygen)  or  lower. 
Nine  steels,  aluminum  and  magnesium  alloys,  and  titaniiun  alloys, 
inporyant  in  airborne  structures  because  of  their  excellent 
strength -weight  ratios,  were  tested  at  four  temperatures  ranging 
from  room  to  ^23  F  and  the  results  tabulated  and  explained. 
Conventional  tensile,  notched  tensile,  hardness,  and  InQMct  tests 
were  made. 


272.  HICH-TEMPERATURE  PROPERTIES  OF  CERAMICS  AND  CERMETS.  E.  Glenny  and 
T.  A.  Taylor.  (Powder  Metallurgy,  Nos,  1/2,  1958,  pp.  189-226) 

Evaluation  of  the  major  properties  involved,  viz.,  creep 
strength,  fatigue. strength,  resistance  to  thermal  fatigue  (i.e., 
to  repeated  thermal  shocks^  oxidation-resistance,  and  impact- 
resistance,  The  materials  evaluated  Include  oxides,  oxide-metal 
cermets,  carbides,  carbldennetal  cermits.  Mo  dlslllcide,  and  SI 
nitride. 


HIGH  TEMPERATURE  LUBRICATION  IN  THE  PRESENCE  OF  NUCLEAR  RADUTION. 
y»  N»  Boraoffj  S«  J.  Beaubien  and  W.  W«  Kerlin.  (Shell  Oil 
Company,  Shell  Development  Division,  Eneryville,  California, 
Contract  AF  33(616 )-6658,  Final  Report,  1  July  1939-30  June  I960, 
170  p.,  10  refs.,  WADD  TR  60-U2l*) 

The  work  presented  is  an  investigation  of  lubricating  capa¬ 
bilities  of  unsubstituted  polyphenyl  ethers  and  a  comparison  of 
these  ethers  with  conventional  lubricants.  The  work  consists  of 
studying  the  performances  of  the  lubricants  in  bearings  and  gears 
under  severe  thermal,  oxidative  and  ionizing  radiation  stresses. 
Based  on  the  evidence  obtained,  it  appeared  that  all  lubricants 
suffer  an  appreciable  decrease  in  load  carrying  capacity  at 
elevated  temperatures,  but  preserve  their  lubricating  properties 
under  the  most  severe  environments,  providing  the  flow  of  oil  to 
the  load  bearing  elements  is  not  impeded  in  any  manner. 


ENVIRONMENTAL  C CNSIDERAH ONS  FOR  THERMAL  PROTEC TIFE  COATINGS. 

R.  M.  VanVliet  and  J.  J,  Mattice.  (U.  S,  Air  Force,  Aeronautical 
Sjjrstoiis  Division,  V&right-Patterson  Air  Force  Base,  Ohio, 

Technical  Report  61-322,  July  1961,  pp.  U36-h33)  also  (Materials 
^ymposiiam,  Phoenix,  Arizona,  13-13  September  1961)  AD  26U  193 


THERMAL  PROPERTIES  OF  MATERIALS  AT  ELEVATED  TEMffiRATURES. 

Herbert  W.  Dean,  Vfebster  D.  Wood  and  Charles  F.  Lucks,  Battelle 
Memorial  Institute,  dolumbus,  Ohio.  (WaDC  Technical  Note 
39-213,  Report  on  Materials  Analysis  and  Evaluation  Techniques, 
1  July  1938-30  June  1939,  December  1939,  22  p.) 


Apparatus  was  designed  and  assembled  for  making  linear-thermal- 
expansion,  specific-heat,  and  thermal-conductivity  measurements 
to  3000  F  or  above  on  metals  and  ceramic-type  materials*  Linear- 
thermal  -expansion  and  specific-heat  measurements  are  made  in  the 
same  apparatus  using  the  same  specimen* 


BFPECTS  OF  HIGH  TEMPERATURE,  HIGH  VELOCITY  GASES  ON  PLASTIC  MATERIALS. 
Frank  P.  Baltakis.  Donald  E.  Murd  and  Roy  F.  Holmet,  Convair,  A 
Division  of  General  Ilynamics  Corporation,  San  Diego,  California. 

(U.  S.  Wright  Air  Development  Diviiion,  Technical  Report  39-U39, 
June  i960,  3U  p.)  AD  21^3  368l 


277.  EVALUATIQM  of  tie  effects  of  very  LOVr  TEMPERATURES  ON  THE  PROPERTIES 
OF  AIRCRAFT  AND  MISSILE  METALS.  I^onard  P,  Rice,  James  E.  Campbell 
and  ^,<ard  F.  Simmons.  (U.  S,  Air  Force,  VTrlght  Air  Development 
Division,  WADD  Teclinical  Report  60-25Uj  June  I960,  6l  p.)  AD  2k}  62} 


Presents  the  tensile  and  hardness  properties  of  eight  different 
alloys  of  interest  to  the  aircraft  and  missile  industries  at 
temperatures  ranrjing  from  -2$}  C  (liquid  hydrogen)  to  room  tempera¬ 
ture.  These  alloys  are  Ti-6Al-UV,  Ti-5Al-3Mo-lV,  Ti-l6V-2.9Al,  and 
B-120VGA  (all-b«ta  alloy)  titanium  alloysj  17-7PH,  PHl5-7Mo,  and 
Type  301XH  stainless  steelsj  and  Vasco jet  1000  a^loy  steel.  In 
general,  the  values  for  hardness,  elastic  modules,  and  tensile  and 
yield  strengths  of  these  materials  tended  to  increase  as  the  test 
temperature  was  reduced  to>  -2^3  0,  However,  of  the  eight  alloys 
investigated,  the  Ti-6A1-Uv  a,pd  the  Ti-l4.Al-3Mo-lV  titanium  alloys 
and  the  Type  301  XH  stainless  steel  were  the  only  ones  that  did  not 
reveal  a  serious  loss  of  ductility  or  did  not  fracture  before 
reaching  0,2^  offset  strain  at  -2^3  C. 


278.  EFFECT  OF  INFRARED  HEAT  ON  T 'JNSILE  STRENGTH  OF  TWO  RCII>IFORCED 
PHENOLIC  LAMINATES.  Kenneth  H.  Boiler.  (U.  S,  Forest  Products 
Laboratory,  Report  No.  1U79,  March  1961,  9  p.) 

The  study  was  conducted  on  tensile  coupons  frora  phenolic 
laininates  made^ioith  either  glass  fabric  or  asbestoe  fibers  and 
machined  at  “to  the  natural  axes*  The  results  of  the  first 
series,  in  which  the  temperature  of  the  coupons  was  increased  on 
the  surface  at  a  constant  rate  before  loading,  show  the 
characteristic  drop  in  strength  with  increases  in  temperature 
from  air  heating  and  a  slightly  greater  drop  in  strength  with 
infrared  heating.  The  results  of  the  second  series  in  which  the 
coupons  were  partially  loaded  and  then  heated  with  infrared  on 
only  one  side  at  various  ratea  from  1  to  29  F  per  second  until 
failure  occurred,  showed  that  the  hot-side  temperature  increased 
mth  increasing  rate  of  temperature  rise;  furthermore  the  center 
temperature  (average  of  hot  and  cold  side)  wns  relatively  un¬ 
affected  by  rate  of  temperature  rise.  It  therefore  appears  that 
thermal  shock  and  subsequent  thermal  gradient  did  not  produce 
small  internal  fractures  in  these  phenolic  coupons* 


279.  HIGH  TEMPERATURE  RADIATICN  RESISTANT  MATERIALS.  C.  I.  Carr  and 
RjJttllw.  (Unl'ted  Sta'tes  Rubber  Company,  Wayne,  ifew  Jersey, 
Contract  N0bs-8U025,  Progress  Report  No,  3,  1  February- 
30  April  1961,  17  May  1961,  Hi  p.)  aD-265  319 

Stress  relaxation  studies  for  EPR  containing  Sb203  and 
I^ypalon  UO  have  been  carried  out,  A  mixtiu'e  of  dialkyl 
hydrogen  phosphite  and  a  phenol  antioxidant  does  not  protect 
EPR  against  the  effects  of  air  oxidation.  The  adhesion  of  EPR 
to  brass  and  steel  wire  is  improved  with  this  protective  system. 
The  addition  of  Sb203  and  Rypalon  to  EPR  does  not  alter  its 
aging  characteristics  in  ASTM  No,  1,  ASTM  No.  3  oil  and  Tricresyl 
phosphate.  Polyethylene  and  EPR  with  low  levels  of  carbon  black, 
containing  Sb203  and  a  chlorinated  paraffin  exhibit  good  green 
and  aged  electrical  properties. 


280.  EFFECTS  OF  HIGH  VACUUM  AND  ULTRAVIOLET  RADIATION  ON  NONMETALLIC 
MATERIALS.  N,  E,  Wahl.  R.  R,  Lapp  and  F,  C>  Haas.  Cornell 
Aeronautical  Laboratory,  inc. ,  Buffalo,  New ^ork,  (Aeronautical 
Systems  Division,  Wright-Patterson  Air  Force  Base,  Ohio, 

WADD  TR  60-125,  Part  II,  April  I96I) 

The  behavior  of  nonmetallic  materials  exposed  to  simulated 
space  conditions  of  atmospheric  composition,  pressure,  temperature, 
and  ultraviolet  radiation  is  investigated.  A  method  of  determjjiing 
the  absorptivity  and  heat-transfer  characteristics  of  plastics 
exposed  to  vacuum  ultraviolet  is  described# 


281.  SPACE— A  NEW  .ENVIRONMENT  FOR  MATERIALS.  W.  H»  Coiner.  (Materials 
Research  and  Standards>  Vol  2,  No.  7;  A.ugust  1962,  pp.  656-660) 

Description  of  a  Hughes  Aircraft  Company  program  for  the 
investigation  of  the  behavior  of  materials  iJi  the  environment 
of  space,  with  particular  attention  to  the  effects  of  high  vacuum. 
The  results  of  some  environmental  tests  of  various  materials  are 
presented. 


282.  FRICTION,  WEAR,  .AND  EVAPORATION  RATES  OF  VARIOUS  MATERIALS  IN  VACUUM 
TO  10-7  mm  Hg.  Donald  H.  Buckley.  Max  Swikert  and 
Robert  L.  Johnson^  (American  Society  of  L\ibrication  Engineers, 
Preprint  <il  10-2,  October  1961,  15  p.  ) 


283.  effect  of  hard  VACUUM  AND  LOW  G  CONDITIONS  ON  HYDRAULIC  FLUIDS  AND 

SYSTEMS.  (Armed  Services  Technical  Information  Agency,  Arlington, 
Virginia,  Report  Bibliography  ARB-10656,  Covering  1953  to  1962, 
June  1962,  12  p. ) 


281*.  EVAPORATION  EFFECTS  ON  MATERIALS  IN  SPACE.  Leonard  D.  Jaffe  and 
John  B,  Rlttenliouse «  (California  Institute  of  Technology, 

Jet  Propulsion  Laboratory,  Pasadena,  Contract  NASw-6,  Technical 
Report  No.  32-161,  30  October  1961,  18  p,,  77  refs.) 

Sublimation  o.f  inorganic  materials  in  the  vacuum  of  space  can 
be  predicted  accurately  from  knowledge  of  their  vapor  pressures 
and,  for  compounds,  of  their  free  energies.  Among  the  elements, 
cadmium,  zinc,  and  selenim  are  readily  lost  near  room  temperature 
and  magnesium  at  elevated  temperatares.  Selective  loss  at 
individual  grains  and  at  grain  boundaries  can  produce  some  surface 
roughening.  Evaporation  rates  of  low-molecular-weight  single- 
con5)onent  oils  can  also  be  calculated  from  vapor  pressures;  most 
are  rather  high.  Polymers  lose  weight  in  vacuum  by  deoonqjositlon; 
nylon,  acrylics,  polysulfides,  and  neoprene  show  high  decompo¬ 
sition  rates  near  room  temperature.  Many  other  polymers,  including 
polyethylene  and  isoprene,  are  stable  to  high  temperatures  in 
vacuum.  Engineering  properties  are,  in  general,  little  affected 
in  vacuiim  unless  appreciable  loss  of  mass  occurs « 


SPACE  VACUUM  POSES  DESIGN  PROBLEMS.  L.  D.  Jaffe.  (California  Insti¬ 
tute  of  Technologyi  Jet  Propulsion  Laboratory^  Pasadena,  Technical 
Release  31^-209)  also  (Nucleonics,  Vol.  19,  No,  li,  April  1961) 

The  extreme  space  vacuiun  presents  two  major  problems  to  designers 
of  space-vehicle  hardware:  (l)  The  surfaces  of  materials  exposed 
to  the  vacuum  can  sublimate  or  evaporate,  especially  at  high 
temperatures.  To  counteract  this  effect  designers  must  choose 
materials  with  low  vapor  pressure,  (2)  Surfaces  in  frictional 
contact, tend  to  weld  together  when  exposed  to  the  very  low  vacuums 
of  space.  These  surfaces  must  be  lubricated  with  a  material  that 
prevents  welding,  but  will  not  itself  evaporate  into  vacuum. 


.  HIQH-VACUUM,  HIGH-TEMPERATURE,  SOLID  LUBRICANT  (TVERDAIA 
VYSOKOVAKUUMNAYA  VYSOKOTEMPERATURNAYA  SMA2KA). 

L,  N,  Sentyurikhlna,  B,  N,  Majjshev  and  others,  (Khimiya  i 
FeTchnologiya  Topliv  i  Masel,  Vbl,  7,  196l,  pp,  13-15)  also 
(Air  Force  Systems  Command,  Foreigh  Technical  Division,  Wright- 
Patterson  Air  Force  Base,  Ohio.  Translation  No.  FTD-TT-61-58, 

U  October  1961,  6  p,)  i^-265  o06 


287.  ULTRAVIOLET  AND  VACUUM  EFFECTS  ON  INORGANIC  MATERIALS.  AN  ANNOTATED 
BIBLIOGRAPHY.  Robert  C,  Gex,  (Lockheed  Aircraft  Corporation, 
Sunnyvale,  California,  Special  Bibliography  No.  SB-61-19, 

April  1961,  33  p.,  73  refs.)  AD-258  092 

A  selected  list  of  73  annotated  references  are  presented  on  the 
effects  of  the  vacuum  and  ultraviolet  on  inorganic  materials. 
Primarily  the  effects  reported  in  the  literature  are  on  the  optical 
properties  of  inorganic  films.  Emphasis  was  placed  on  recent 
literature,  from  1958  on.  The  references  are  arranged  alpha¬ 
betically  by  author;  an  index  by  material  is  also  provided. 

Sources  used  were  Physics  Abstracts,  Chemical  Abstracts,  Ceramics 
Abstracts,  Engineering  Index,  Nuclear  Science  Abstracts,  ASTIA, 
and  LMSD  card  catalog. 


.  MATERIALS  EVALUATION  UNDER  HIGH  VACUUM  AND  OTHER  SATELLITE  ENVIRON¬ 
MENTAL  CONDITIONS.  P.  H.  Blackmon.  F.  J.  Clauss.  Q.  E.  Ledger 
and  R.  E.  Mauri,  (Lockheed  Aircraft  fforporation,  Kissiles  and 
Space  Division,  Svmnyvale,  California,  Report  TR  3-77-^1-23, 
January  1962) 

lAibricants  and  bearings,  paints  and  other  temperature  control 
STirfaces,  bulk  plastics  and  polymer  films,  and  adhesives  are  being 
tested  for  satellite  applications  under  vacuum  and  radiation 
conditions.  Test  equipment  and  data  az^  discussed. 


289.  EFFECT  OF  VACUUM  ENVIRONMENT  ON  THE  MECHANICAL  BEHAVIOR  OF  MATERIALS., 
I.  R»  Kramer  and  S.  E.  Podlaseck.  (Martin  Ccmpway^  Baltljnorc, 
Rfi^rTaxid7*T^ntracTTyTI?t?!3B7^5^ f  Report  No.  RM«102^  Final  Report^ 
1  October  1960-1  October  1961^  October  1961,  U6  p.,  AFOSR-2139) 
ad-273  250 

Apparatus  for  conducting  fatigue,  tensile  and  creep  studies  in 
the  pressure  range  760  mm  to  10  to  the  -8th  power  mm  Hg  is 
described.  Experimental  data  are  presented  for  A1  single  crystals 
showing,  with  decreasing  pressure,  an  improvement  in  fatigue  life 
and  a  decrease  of  strength  in  tension  and  creep. 


290.  bearings  for  VACUUM  OPERATION  RETAINER  MATERIAL  AND  DESIGN, 

Harold  E,  Eyans  and  Thomaa  W.  Flatley*  (Nation^  Aeronautics 
and  Space  Administration,  (ioddard  Space .Flight  Center,  Qreenbelt, 
Maryland,  Teclmical  Note  D-1339,  May  1962,  17  p.) 

This  report  describes  the  initial  phase  of  an  Investigation  of 
the  hig^i-speed  operation  of  miniature  ball  bearings,  with  metallic 
film  lubrication,  in  a  vacuum  environment.  Phase  I  of  this  study, 
was  conducted  to  determine  the  most  promising  retainer  materi^  and 
design  for  use  in  a  general  study  of  the  effectiveness  of  various 
metallic  coatings  as  lubricants.  Fully  machined  retainers  of  five 
different  materials,  with  all  balls  and  races  of  gold-plated  UUOC 
stainless  steel,  were  tested.  Both  pure  gold  plating  and  gold  with 
additives  were  investigated,  Siae  R2-5  bearings  were  run  without 
external  loading  at  a  nominal  motor  speed  of  10,000  rpm  and  the  goal 
is  a  bearing  life  of  1,000  hours  in  an  ambient  pressure  of  10* '  torr. 
The  resulte  show  that*  (l)  Thin  metallic  films  as  lubricants  show 
real  promise  when  used  in  a  vacuum  environment;  (2)  pwe  gold  plating 
is  not  as  effective  as  the  plating  with  additives;  (3)  fully  machined 
retainers  provide  good  performance,  and  the  use  of  relatively  hard 
retainer  materials  significantly  extends  the  useful  life  of  the 
bearings;  and  (U)  the  bearing  failures  tended  to  be  catastrophic 
rather  than  gradual,  making  the  prediction  of  the  onset  of  failure 
diffioult. 


291.  INVESTIQATION  OF  ADHESICai  AND  COHESIOT  OF  METALS  W  ULTRAHIGH 
VACUUM.  John  L.  Ham,  (National  Research  Corporation,  NASA 
Contract  NA3r-U8,  First  Quarterly  Progress  Report,  Period 
l5  June-l5  September  1961,  8  p.) 

The  original  apparatus  and  tabular  data  on  preliminary 
attempts  to  Join  specimens  of  copper  were  presented  in  the 
proposal.  It  was  designed  to  make  and  break  or  break  and  : 
make  hot  cylindrical  specimens  end  to  end.  Force  is  applied 
by  heating  or  cooling  the  lags  of  the  yoke;  heat  is  provided 
by  electron  bombardment;  and  force  measured  by  electrical 
transducers. 


INVESTIGATION  OF  ADHESION  AND  COHESION  OF  METALS  m  ULTRAIil® 
VACUUM.  John  L«  Ham.  (National  Research  Corporation, 

NASA  Contract  I^ASr-l;8,  &cond  Quarterly  Progress  Report,  Period 
15  September-l5  December  1961,  11  p.) 

This  report  presents  data  obtained  by  breaking'  and  making  a 
sample  of  copper  U9  times  at  jjarious  temperatures  and  a  sanple 
of  1018  steel  10  times  at  500  C  and  various  pressures.  Time  in 
contact  and  time  apart  were  also  varied. 


BEARINGS  FOR  VACUUM  OPERATION-PHASE  I.  Harold  E.  Evans  and 

Thoaaa  W.  Flatley,  National  Aeronautics  and  Space  Administration, 
Space  Plight  Center,  Qreenbelt,  Maryland.  (National 
Symposium  on  The  Effects  of  Space  Environment  on  Materials, 

St.  Louis,  Missouri,  7-9  May  1962,  30  p.,  U  refs.)  ^ 

This  report  describee  the  initial  phase  of  an  iiwestigation 
of  the  high  speed  operation  of  miniature  ball  bearinge,  with 
metallic  film  lubrication,  in  a  vacuum  environment* 


EFFECTS  OF  HIGH  VACUUM  AND  RADIATION  ON  POLYMERIC  MATERIALS. 

Norman  E.  WaWL  and  John  V*  Robinson,  Bell  Aerosysteas  Company. 
(National  Sym^sium  on  The  Effects  of  Space  Environment  on  Materials 
St.  Louie,  Missouri,  7-9  May  1962,  28  p.,  6  refs.) 

This  paper  describes  experimental  studies  that  were  conducted 
to  determine  the  effects  of  heat,  low  pressure  and  radiation  on 
plastics  and  elastomeric  materials. 


VACUUM  STUDIES  Or/E  ANSVffiRS  ON  MATERIALS  FOR  SPACE. 
(Product  Engineering,  Vol.  33,  No.  3,  5  February 


W. B.  Wallace. 

1965,  pp.'  vir-i^) 


Ultra-high  vacuum  testing  techniques  are  described  briefly. 
Results  are  given  for  some  of  these  tests  in  the  areas  of  lubrica¬ 
tion,  cold  welding,  plastic  coating,  and  exposure  of  microorganisms. 


296.  STUDY  OF  THE  EFFECTS  OF  ENVIRONMENTAL  CONDITIONS  ON  THE  BREAKDOVflJ  OF 
antennas  at  low  pressures  CW  a  SUPERSONIC  .VEHICLE.  J.  B.  Chown 
and  M.  G.  Keenan.  (Stanford  Research  Institute,  Menlo  Park, 
California,  dontract  i\F  19(60U)-5l483»  FLna’l  Report,  Sapteniber  I96I, 
6U  p.,  15  refs.,  AFCHL-9U0)  AD  26?  163 

The  breakdown  characteristics  of  antennas  under  supersonic  flight 
conditions  at  altitudes  up  to  80  miles  were  investigated.  Three 
Nike-Cajun  rockets  were  instrumented  and  fired  from  Eglin  Gulf  Test 
Range  on  U  November  i960  and  on  lU  and  2h  March  1961.  Significant 
results  were  obtained  only  from  the  lU  March  firing.  Details  of 
the  instrumentation  and  data  obtained  are  given.  Data  are  given  on 
the  RF  power  required  to  initiate  and  extinguish  breakdown,  surface 
temperatures,  and  pressure  on  the  surface  of  the  conical  nose,  A 
comparison  of  breakdown  data  with  previously  obtained  laboratory 
data  and  with  the  theory  of  breakdown  phenomena  reveals 
discrepancies  which  remain  miresolved  due  to  the  limited  quantity 
of  flight  data  available. 


297.  MOLECULAR  APPROACH  TO  DRY  FILM  LUBRICATION  IN  A  VACUUM  (SPACE) 
ENVIRONMENT.  R»  M,  VAP  Vliet.  (U,  S.  Air  Force,  Wright  Air 
Development  Division,  Air  Research  and  Development  Command, 
Wright-Patterson  Air  Force  ^ase,  Ohio,  Projects  30UUv  and  7312, 

WADC  Technical  Report  59-127,  July  I960,  35  p. ,  17  refs. ) 

This  report  presents  an  analysis  of  the  problems  associated 
with  the  use  of  dry  film  lubricants  at  moderate  tenperatujres  on 
unpressurized  space  vehicles.  The  effects  and  suspected  effects 
of  vacuum  on  dry  film  lubricants  are  analyzed  in  detail  to  provide 
the  basis  for  future  research  programs  in  this  area.  Several 
hypotheses  for  lubricant-environment  interaction  are  presented 
and  a  few  basic  research  approaches  are  suggested. 


298.  ELECTRICAL  BREAKDOWN  IN  VACUUM.  R,  P,  Little.  S.  T.  Smith  and 
H,  D.  Arnett.  (U,  S.  Navy,  Naval  J^search  Laboratory, 

Vtashlngton,  D,  C,,  Project  No.  RF  OO9-OI-UI-6O6U,  NHL  Report 
No.  5671,  Interim  Report,  2  October  I96I,  19  p. )  AD-266  603 

The  voltage  breakdown  in  vacinim  was  studied  at  gap  spacings 
of  0,015  inch.  Measurements  Indicate  little  or  no  variation  of 
breakdown  with  tube  pressure  between  aj^roximately  10  to  the 
-5th  and  10  to  the  -7th  power  torr  and  with  frequency  of  the 
applied  voltage  from  0  to  6  Me,  Electrical  breakdown  in  vacuum 
is  prefaced  by  prebreakdown  currents  caused  by  electron  emission 
from  small  Isolated  areas  on  the  cathode  electrode.  As  a  result 
of  this  emission,  individual,  small-diameter  electron  beams  are 
formed  between  cathode  and  anode.  These  beams  can  cause  the 
anode  and  cathode  power  dissipation  density  to  becmie  extronely 
high,  resulting  in  evaporation,  melting,  and  destructive  effects. 
The  observed  prebreakdown  eiaission  is  believed  to  result  from 
contaminants  modifying  the  image  barrier  of  the  cathode  and  not 
from  local  field  enhancements  due  to  irregularities  of  the  cathode 
surface. 


299.  EFFECTS  OF  IJLTR.4VIOLET  AI^JD  VACUUM  ON  PROPERTIES  OF  PLASTICS, 

Norman  F,  Wahl#  (U.  S,  Wright  Air  Development  Division, 

Technicai  Report  60-101)  also  (Conference  on  Behavior  of  Plastics 
in  Advanced  Flight  Vehicle  Environments,  H»  S»  .Schwartz^ 

September  I960,  pp* 

The  effects  of  low  pressure  and  ultraviolet  radiation  on  the 
weight  and  strength  of  glass  reinforced  polyester,  epoxy  and 
phenolic  laminates  were  determined  after  exposure  periods  of  2U>  ^0, 
100,  200,  and  ^0  hr.  The  ultraviolet  spectrum  ranged  from  2000  to 
6000  A  with  an  incident  radiant  flux  of  2  cal/sq  cm/min«  Pressures 
were  of  the  order  of  10*^  mm  of  mercury  with  ambient  temperatures  up 
to  300  F. 

These  preliminary  tests  indicated  that  exposures  to  the  combined 
environments  for  ^00  hr  had  no  marked  effect  on  weight  loss  and 
flexural  strength  of  any  of  the  laminates#  V7eight  losses  were 
approximately  IjS*  The  polyester  laminate  showed  a  significant 
increase  in  flijpcural  strength  up  to  200  hr#  This  was  attributed 
to  further  cross-linking#  After  ^00  hr,  however,  strength  decreased 
to  a  level  slightly  greater  than  the  original  strength#  The  epoxy 
and  phenolic  laminates  lost  approximately  10^  of  their  original 
strength  after  500  hr# 


300#  PRESENT-DAY  IDEAS  CONCERNING  THE  MECHANISM  OF  ELECTRICAL  BREAKDOWN 
IN  HIGH  VACUUM.  L.  V#  Tarasova#  (Uspekhi  Pizicheskikh  Nauk, 

Vol#  58,  No.  2,  February  19^6^ pp •  321-3U6)  also  (U#  S.  National 
Aeronautics  and  Space  Administration,  Technical  Translation  F-U2, 
October  I960,  35  P») 


301.  INVESTIGATE  TIB  EFFECT  OF  HIGH  DINAKtC  PIESSURES  UPON  THE  METAL¬ 
LURGICAL  PROPERTIES  OF  IRON  AND  TITANIUM  BASE  ALLOYS.  (Aerojet- 
General  Corporation,  Downey,  California,  Contract  AF  33(6l6)-8l91, 
Report  No.  0li85-0l(01)QP,  Quarterly  Progress  Report  No.  1, 

April-l5  July  I96I,  2U  July  1961,  1  vol.)  AD-267  063 

The  effects  of  high  dynamic  pressures  on  the  metallurgical 
properties  of  AIS3E  1020  steel  specimens  are  demonstrated  by  an 
appreciable  increase  in  surface  hardness  and  metallurgical  changes 
in  grain  structure.  High  density  deformation  twins  are  shown 
as  a  result  of  the  dynamic  pressures.  A  chevron  patter  with 
alternating  bands  of  high  and  low  deformation  twins  is  observed. 


302.  COATINGS  FOR  THE  AEROSPACE  ENVIRONMENT.  Robert  M.  Van  Vliet, 

(Aercsnautical  ^sterns  Division,  Directorate  of  Mi^terials  and 
Recesses,  Wrlght-Patterson  Air  Force  Base,  Ohio,  Project  7312, 
Report  on  Finishes  and  Materials  Preservation,  July  1961,  36O  p., 
58  refs.,  WADD  TR  60-773)  AD-267  310 

Contents:  ^iacial  distribution  of  UV  lightj  Design  of  organic 
coatings  for  use  in  spacej  Protective  UV  absorbers  in  spacej 
Evaluation  of  polymeric  materials  for  space  usej  UV  effects  on 
high  polymers  and  relation  to  radiation  chemistry;  Slraulated  solar 
irradiation  and  photo-chemical  effects  on  plastic  spacecraft 
materials;  Decomposition  of  organic  resits  at  high  temperature 
in  a  vacuum;  Materials  effects  in  spacecraft  thermal  control; 
Reflective  metal  coatings;  Power  systems  for  astronautical  appli¬ 
cations;  Selective  coatings  for  extraterrestrial  solar  energy 
conversion,  analysis;  Use  of  optical  int'erference~t:o  obtain 
selective  energy  absorption;  High-temp eratiure  surface  parameters 
for  solar  power;  Low  emissivlty  coatings  for  use  at  high  ten9)era- 
tures;  Ceramic  coatings  for  control  of  reflectivity  and  emisslvlty 
of  Inconel;  Anodic  coating  for  ten5)erature  control  in  space 
vrfiicles;  Coatings  for  unfurlable  reentry  vehicle;  Surface  treat¬ 
ment  of  filters  to  iDqsrove  dielectric  coatings;  Thermal  stability 
of  subtly  Mluble  Inhibitlve  salts  and  their  properties. 


303.  HANDBOOK  OF  DESIGN  DATA  ON  ELASTOMERIC  MATERIALS  USED  IN  AEROSPACE 
SYSTEMS.  (Aeronautical  Systems  Division,  ASD-TR-61-23U, 

January  1962,  222  p.)  AD  273  88O 

The  objective  of  this  handbook  is  to  provide  aerospace  weapons 
systems  design  engineers  with  usefhl  data  on  the  materials  prop¬ 
erties  of  elastomers.  The  sources  of  this  Infomation  are 
Department  of  Defense  research  reports  and  the  technical  literature 
of  eng^lneering  design  and  elastomer  technology.  The  elastomeric 
materials  for  which  data  ai'e  presented  are  cotqpounds  of  hi^ 
polymers  currently  available  in  the  U.S.A.  The  properties  con¬ 
sidered  are  original  mechanical  and  physical  properties  and  the 
changes  in  these  properties  that  result  from  aging  and  ejqposure  to 
environments  of  aerospace  weapon  systems.  A  selected  bibliography 
of  technical  literature  on  elastomers  and  elastomeric  parts  is 
included  to  aid  the  handbook  user  who  needs  further  information 
on  these  topics. 


SURFACE  ^CTS_CN  MATERIALS  IN  NEAR  SPACE.  Francis  J  C1»»« 
(Aero/Space  Engineering,  Vol.  19,  October  T5?>0,  pp.’l6-19) 


30li. 


305.  EFFECTIVENESS  OF  RADIATION  AS  A  STRUCTURAL  COOLING  TECHNIQUE  FOR 

HYPERSONIC  VEPUCIES.  Roger  A.  Anderson  and  WLlliam  A  Brooks.  Jr. 
(Aero/S|pace  Sciences,  Journal,  Vol.  27>  January  I960,  pp.  Ul-UU) 

An  analysis  is  made  of  the  more  significant  effects  of  internal 
heat  transfer  within  idealized  structures,  both  with  and  without 
external  insulation  on  areas  of  greatest  aerodynamic  heating 
intensity.  Selective  use  of  insulation  leads  to  structural 
temperature  reductions  substantially  greater  than  those  obtained 
without  insulation. 


306.  ENVIR01W'ri’,NTAL  FACTORS  INFLUBNCINC-  METALS  APPLICATIONS  I?I  SPACE 

VEHICLES.  J.  M.  Allen.  (Battelle  Memorial  Institute,  Defense 
Metals  Information  Center,  Columbus,  Ohio,  DMIC  Report  lU?, 

1  December  i960,  U6  p.,  3h  refs.) 

Metals  will  be  used  extensively  both  in  the  vehicle  structure 
and  in  the  supporting  and  auxiliaiy  equipment  that  is  used  for 
space  flight.  This  report  describes  the  specialized  environments 
which  are  imposed  on  metals  and  the  possible  consequences  of  these 
environments.  In  general,  the  specialized  environments  are 
identified  with  (l)  the  natural  environment  of  space,  (2)  the 
entry  into  an  atmosphere,  or  (3)  the  power-conversibn  system  utilized 
by  the  vehicle. 


307.  BEHAVIOR  OF  MATERIALS  IN  SPACE  ENVIRONMEOTS.  L.  D.  Jaffe  and 

J.  B,  Rittenhouse.  (California  Institute  of  ^technology.  Jet  Pto- 
pulsion  laboratory,  Pasadena,  Contract  NASw-6,  Technical  Report 
No.  32-150,  1  Novenfcer  I96I,  II6  p.,  330  refs.)  AD-266 

Quantitative  effects  of  space  environments  upon  engineering 
materials  are  discussed.  Most  metals  will  be  unaffected  by  vacuum 
except  for  slight  surface  roughening.  Among  organics,  polysulfides, 
celluloslcs,  acrylics,  polyvinyl  chloride,  neoprene,  and  some 
nylons,  polyesters,  epoxys,  polyurethanes,  and  alkyds  break  down  at 
low  ten^eratxires  in  vacuum.  Polyethylene,  polypropylene,  most 
fluorocarbons,  and  silicone  resins  do  not  decompose  significantly 
in  vacuum  below  250  C.  Except  for  plasticized  materials,  significant 
loss  of  engineering  properties  in  vacuum  is  unlikely  without 
appreciable  accoiqpanying  sublimation  or  decon^^ositlon,  Cez*tain  low 
vapor  pressure  oils  and  greases,  tetrafluor ethylene,  and  thin  films 
of  Mo^,  Au,  and  Ag  can  probably  provide  adequate  lubrication.  The 
paziiicles  of  the  Earth's  radiation  belts  will  cause  radiation  damage 
to  organics  and  optical  properties  of  inorganic  Insulators.  Sesd- 
conductors  affected  by  solar  flare  emissions. 


EFFECTS  OF  SPACE  ENVIRCNMENT  UPON  FUSTICS  AND  EUSTC»1ERS.  L«  D.  Jaffe. 
(California  Inatit\it.ii8  of  Technology,  Jet  Propulsion  Laboratory, 
Pasadena,  Contraci;  Na9w-6,  Technical  Report  No.  32-176, 
l6  November  1961,  22  p.,  lU?  refs.)  AD-268  U32 

Most  polymers  will  be  stable  in  the  vacuum  of  space  at.  tempera¬ 
tures  as  hl^  as  they  can  withstand  in  air.  In^oirtant  eocceptions 
are  some  nylons,  polysulfides,  cellulosics,  acrylics,  polyesters, 
epoxies,  and  urethanes.  Exposure  to  vacuum  will  not  cause  loss  of 
engineering  properties  unless  appreciable  loss  in  weight  occurs. 
Through  a  shielding  thickness  of  1  g/cc,  only  the  more  radiation- 
sensitive  polymers  will  be  damaged  by  the  Van  Allen  belts,  and 
solar  flare  enisslons  will  cause  no  permanent  damage.  Sunlight 
of  100-1000  angstrons  wavelength  may  significantly  Increase  optical 
absorption  by  the  outer  few  thousand  angstroms  of  an  exposed 
surface.  Longer  solar  wavelengths  Induce  cross-linking  to  much 
greater  depths,  reducing  elastomer  flexibility  and  increasing  optical 
absoirptlon*  Most  other  englneex*ing  properties  are  likely  to  be 
less  affected  by  sunlight  in  space  than  on  the  Earth's  surface. 


ENVIRONMENTAL  DESIGN  OF  SPACECRAFT.  Marcus  G.  Comintzis. 

(California  Institute  of  Technology,  Jet  Propulsion  Laboratory, 
Pasadena,  Contract  NASw-6,  Technical  Release  No.  3U-31, 

3  May  I960,  9  p.)  AD-235  333 

Environmental  design  philosophies  and  the  ijgportance  of 
environmental  testing  in  the  design  of  spacecraft  are  discussed, 
with  a  detailed  discussion  of  the  actual  environmental  testing 
of  one  of  the  mechanisms  of  Pioneer  IV. 


MATERIALS  IN  SPACE.  Ralph  A.  Happe.  (California  Institute  of 
Technology,  Jet  Propulsion  Laboratory,  Pasadena,  Contract 
NASw^,  Technical  Release  No.  3U-1U3,  18  October  I960,  17  p.) 
also  (Paper  presented  to  American  Ordnance  Association, 
Cleveland,  Ohio,  21  October  I960)  AD-PlJi  U92 

Contents  (A  lecture)  include:  Ihe  space  environment;  Materials 
use  on  the  Ranger;  Effect  of  the  space  environment  on  inorganic 
materials;  Effect  of  the  space  environment  on  organic  materials. 


SPACE  ENVIRCMJMENT.  Marcia  Heugebauer «  (California  Institute  of  Tech¬ 
nology,  Jet  Propulsion  iLabcvatory,  Ccaitract  NASw-6,  Technical 
Release  Ho.  314-229,  December  I960,  15  p.)  AD  250  885 

The  space  environment  is  described  In  this  Report  by  means  of  a 
listing  of  one  or  more  key  references  for  each  type  of  radiation  or 
particles  found  in  space.  This  is  not  intended  as  a  complete 
bibliography.  Wherever  possible,  review  articles  have  been  chosen, 
that  is;  articles  which  give  the  reader  the  broad  outlines  of  the 
subject  and  then  list  references  for  more  detailed  study. 


312.  DESIGN  CRITERIA  FOR  SPACE  RECORDERS.  M.  A.  Wells.  (CEC/Recordings, 
Vol.  l6,  1st  Qiiarter,  1962,  pp.  ii-Sj 

Discussion  of  the  factors  involved  in  the  design  of  tape 
recorders  for  space  vehicles,  covering  (l)  size;  (2)  data-storage 
requirements;  (3)  electromechanical  techniques;  (h)  electronic 
and  magnetic  requirements;  and  (5)  environmental  conditions. 
Illustration  is  made  by  reference  to  recorders  developed  by 
Consolidated  Electrodynamics  Corporation, 


313.  EL^.GTRONIC  MATERIALS  AND  COMPONENTS  FOR  ^JlXTREME  ENVIRONMENTAL  PROBLEMS. 

Alex  E.  Javitz  and  Paul  0.  Jacobs.  ^  (Electrical  Manufacturing,  Staff- 
Research  Report,  Vol.  62,  November  1958  pp.lll-13ii,  h9  refs.  ) 

This  review  will  endeavor  to  being  ipto  focus  the  problem  areas 
and  current  state  of  tiie  art  of  electronic  materials  and  component 
parts  required  to  sustain  reliable  operation  under  the  extraordinary 
environments  encountered  by  nuclear  and  supersonic  military  equip¬ 
ments.  Ultrahigh  temperature  ambients  (500  C  and  higher)  and  nuclear 
radiation  effects  (in  combination  or  separately)  are  the  primary  con¬ 
siderations.  Acoustical  noise,  extreme  vibration,  and  the  effects 
of  ozone  are  other  critical  environments.  Elevated  temperatures  in 
conjunction  with  gamma  and  neutron  radiation  become  a  problem  also 
in  the  design  of  nonmilitary  nuclear  reactor  instrumentation. 


31U» 


MATERIALS  FOR  ENVIR(»MENTAL  EXTREMES.  I.  TCMCKROW'S  ENVIRONMENTAL 
EXTREJ®S.  II.  ENVIRONMENTAL  LIMITS  OF  MATERIALS.  III.  COMPATA- 
BILITY  OF  MATERIALS.  IV.  MATERIALS  DEVELOPMENT  NEEDS. 

Qeoree  Slderis.  (Electronics,  Vol.  32,  No.  U9,  U  December  1959, 
pp.  Bl-W 


Use  of  electronic  equipment  in  high-speed  aircraft,  space 
vehicles  and  nuclear  environments  is  bringing  about  serious 
problems  of  heat,  radiation,  and  stress.  Research  is  raising 
endurance  limits  of  materials  like  structural  metals,  conductors 
and  magnetic  materials;  components  such  as  transducers,  semi¬ 
conductor  devices,  capacitors,  resistors.  A  system  approach  to 
guide  you  in  selection  of  contacting  metals,  plating  processes, 
protective  coatings,  and  insulating  materials  is  given.  Vihat  is 
being  dome  to  improve  materials  for  extreme  environments? 

Measures  include:  seeking  high  purity  in  materials,  environmental 
testing  of  COTplete  systems  and  uniform  standards. 


315.  AEROSPACE  ELECTRONIC  MATERIALS— APPLICATION/ENVIRONMENTS/EFFECTS. 

E.  0.  Linden.  (Electro-Technology,  Vol,  68,  No.  6,  December  1961, 

pp.  iS5-UV) 


316.  ELECTRONIC  PACKAGES  VS.  SPACE  TORTURE.  Arnold  Pollack.  Aerotest 
Laboratories,  Inc,  (Environmental  Quarterly,  Vol.  7.  No.  h 
October  I96I,  pp.  20-23) 

Electronic  packages  can  survive  in  space  when  the  designer 
keeps  thermal  effects  in  mind  and  checks  his  design  by  subjecting 
it  to  simulated  space  tests.  While  themial  design  positions 
packages  and  brackets,  and  selects  materials  and  coatings, 
thermal  vacuum  tests  in  space  chambers  prove  out  the  design  and 
locate  trouble  spots. 


317.  ANALYSIS  OF  HYPER  ENVIRONMENTS  AND  THEIR  RELAHON  TO  lilLITARY  HARDV7ARE 
IN  IHE  INTERIOR  OF  A  SPACE  VEHICLE,  M,  H,  Sdjipsoo.  (Frankford 
Arsenal,  Pitraan-Dum  Laboratories  Group,  Philadelphia,  Project 
No,  TSI-I5,  Technical  Memo,  No,  M60-21-1,  February  I960,  17  p.) 
AD-2Uli  826 

Discussion  of  the  natural  environments  of  space  (above  7^,000  ft) 
as  they  effect  the  design  and  testing  of  military  con5)onents,  sub- 
assemblies,  and  sub-systems  within  the  interior  of  a  space  vehicle; 
analytical  determinations  of  the  factors  of  mass  heat  transfer  of 
conduction,  convection,  and  radiation;  the  factors  of  low  absolute 
pressures,  ozone,  radiation,  ionization,  and  raeteoritic  dust;  and 
the  relation  in  effects  for  the  designer.  The  discussion  is  not  a 
cut  and  dried  recipe,  but  a  guide  for  assessing  the  variables 
Involved  relative  to  the  hardware  within  a  vehicle. 


318.  BASIC  INVESTIGATION  OF  THE  OPERAnON  OF  PROPELLANT  ACTUATED  DEVICES 
IN  SPACE  ENVIRONMENT.  PHASE  I,  A  LITERATURE  SURVEY. 

Gilbert  H,  Skopp.  (Frankford  Arsenal,  Pitmann-Dunn  Laboratories 
Ciroup,  Philadelphia,  Report  No,  R-15U5*  November  I960,  1;6  p,, 

WADD  TR  60-3U6)  ad-255  20li 

Phase  I  of  this  program  entails  a  compilation  of  the  environ¬ 
ments  and  a  bibliography  pertaining  to  the  environments  of  space 
operations.  The  weapon  systems  subjected  to  the  hyperenvironments 
are  classified  into  short  duration  (l  to  2  hr)  flying-type  and 
ballistic-type  vehicles  operating  from  a  75,000  to  300,000  ft 
altitude  range,  and  into  long-duration  satellite  vehicles  orbiting 
around  the  earth  in  the  200-  to  UOO-mi  altitude  range.  Sustained 
flight,  boost  glide,  ballistic,  and  satellite  vehicles  are 
included  in  these  considerations.  The  natural  environmental 
conditions  considered  are  categorized  under,  atmospheric  composition, 
extreme  hlg^  vacuum,  solar  radiation,  ozone,  dissociated  gases, 
aurorae,  ionized  gases,  solid  particles,  magnetic  field,  cosmic 
radiation,  and  low  taiq>erature.  The  Induced  environments  are 
categorized  under  high  teiqperature,  acceleration,  vibration, 
acoustical  excitation  shock,  zero  gravity,  and  nuclear  irradiation. 


319.  3DLAR-P1ABE  EFFECTS  ON  2.5  AND  5.0  FC/S  ATMOSPHERIC  RADIO  NOISE. 

J.  R.  Herman,  (Geophysical  Research,  Journal.  Vol,  66,  No.  10, 
T5cloE«T95r,  pp.  3163-3167) 


320.  SPACE  ENVIRONMENTS  AND  THE  RELIABILITY  OF  HYDRAULIC  CONTROLS. 

A.  B.  Billet.  Vickers,  Inc.,  Detroit,  Michigan^  (IAS  System 
Reliability  Symposium,  Proceedings,  Salt  Lake  City,  Utah, 

16-18  April  1962,  p.  in) 

Special  consideration  is  given  to  furthering  the  development 
and  increasing  the  reliability  of  hydraulic  control  for  space 
vehicles.  High  temperature,  shock,  low  ambient  pressure,  ozone, 
radiation,  cosmic  rays,  dissociation,  and  other  environmental 
conditions  are  discussed. 


321.  EFFECT  OF  ENVIRONMENT  ON  THE  BEHAVIOR  OF  MATERIALS.  I.  R.  Kramer  and 
S.  E.  Podlaseck.  (Institute  of  Aerospace  Sciences,  Summer  Meeiing, 

Los  Angeles,  California,  19-22  August  1962,  Paper  62-10li,  19  p., 

UO  refs.) 

USAF -NASA-supported  discussion  of  the  effects  of  space  environment 
on  the  mechanical  and  physical  properties  of  metals  and  organic 
materials.  Some  results  of  earlier  investigations  of  surface  effects 
on  metals  are  reviewed,  as  are  the  mechanisms  proposed  for  the 
effects  of  oxide  and  metal  films  and  the  influence  of  electrolytes. 
Particular  attention  is  directed  to  the  effects  of  surface  removal 
of  metals  during  plastic  deformation,  and  the  effects  of  low  vacuum 
radiation,  and  erosion  by  meteoric  particles  on  organic  materials. 


322.  PROBLEMS  ASSOCIATED  VJTTH  RANDOM  VIBRATION  TESTS  OF  ROCKET-BORI'E  ITEMS, 
Austin  L,  Howard  and  Nayne  M ,  T r a ylor .  U.  S,  Ngval  Research  Labora¬ 
tory,  Vlashington,  D,  77^  (Institute  of  Environmental  Sciences 
Annual  Technical  Meeting,  19^9  Proceedings,  Chicago, 

22-2li  April  1959,  pp.  50-56) 


323.  PACKAGING  ELECTRONIC  EQUIPMENT  FOR  THE  VIBRATION  ENVIRONMENT. 

Richard  A,  Hirsch,  Aircraft  Armaments,  Inc,  (institute  of 
fenvironmental  Sciences  Annual  Technical  Meeting,  1959  Proceedings, 
Chicago,  22-2U  April  1959,  PP.  ll-lU) 

This  paper  is  concerned  primarily  with  the  structural  design  of 
the  equipment  package  and  as  such  is  concerned  with  shock  and 
vibration. 

The  mechanical  and  structural  aspects  of  designing  militaiy 
electronic  equipment  are  generally  a  small  percentage  of  the  total 
engineering  effort  required.  This  is,  of  course,  as  it  should  be, 
and  in  fact  these  aspects  should  be  reduced  to  more  or  less  routine 
procedures.  In  order  to  achieve  this  general  objective  it  haa 
been  the  philosophy  to  compute  stiffness  factors  by  elementary 
means  and  apply  correction  factors  to  account  for  the  shortcomings 
of  the  simplified  analysis.  The  purpose  of  the  test  program  under¬ 
taken  is  to  measure  stiffness  factors  imder  dynamic  conditions  and 
thus  generate  the  required  correction  factors. 


32U.  FAILURE  OF  ELBGTROMICS  IN  HIGH  INTENSITY  SOUND  FIELDS. 

George  W»  Kang?erman,  Norman  Doelling,  Bolt  Beranek  and  Newman,  Inc,, 
Cambridge,  Massachusetts,  (Institute  of  Environmental  Sciences 
Annual  Technical  Meeting,  19^9  Proceedings,  Chicago, 

22~2h  April  1959#  pp*  262-265) 

The  designer  of  electronic  equipment  is  faced  with  manor  environ¬ 
mental  variables  that  may  modify  the  performance  of  equipment. 

Among  these  variables  are  temperature,  humidity,  pressure,  radiation, 
and  vibration.  More  recently  sound  has  become  of  interest  also. 
Although  many  physical  mechanisms  are  involved  in  the  failure  of 
electronic  equipment  in  high  intensity  sound  fields,  most  of  the 
so-called  sonic  failures  are  caused  by  excitation  of  vibration 
fields  by  the  surrounding  sound  field.  This  paper  is  concerned 
with  some  of. the  relations  between  sound  fields  and  the  resulting 
vibration  fields.  Some  preliminary  experiments  are  presented  here 
to  illustrate  the  nature  of  the  transfer  of  sound  energy  to 
vibration  energy.  In  addition,  research  programs  designed  to  study 
this  transfer  and  other  aspects  of  sound-induced  or  sonic  fatigue 
are  outlined,  . 


325,  MA(2ETIC  CORES  AND  PERMANENT  MAGNETS  IN  HYPER-ENVIRONMENTS, 

D,  I,  Gordon,  (Ihatltute  of  Environmental  Science,  Proceedings, 
Los  iuigeies,  6-8  April  i960) 


326,  SPACE  ENVIRONMENT  AND  ITS  EFFECTS  ON  MATERIALS  AND  C(»1P0NENT  PARTS. 

S.  N,  Lehr  and  V,  J,  Tronolone,  (IRE  Tranaactiona  of  Reliability 
and  ^lity  Control,  Vol,  RQC-10,  No,  2,  August  1961,  pp.  24-37, 

56  rafe.) 

The  best  available  preliminary  information  has  been  gathered 
on  materials  which  can  be  used  successfully  and  how  they  react  in 
various  space  environments.  In  addition  to  the  factors  presented, 
such  items  must  be  considered  as:  the  exact  nature  of  the  missile 
of  a  space  vehicle,  the  type  of  orbit,  the  length  of  time  the 
vehicle  is  expected  to  function,  the  reliability  objective,  and 
similar  goals,  although  regardless  of  the  mission,  certain  general 
effects  of  the  space  environment  present  problems  which  must  be  met 
in  the  design  itself.  Data  have  been  gathered  on  these  general 
effects,  which  include  high  vacuum,  magnetic  fields,  gravitational 
fields,  micro-meteorites,  cosmic  rays,  neutrons,  trapped  charged 
particles,  and  electromagnetic  radiation.  Including  iU.traviolet 
light.  X-rays,  and  gamma  rays. 


SOME  ASPECTS  OF  SAT3.LITE  A^ffi  SPACE  PROBE  RELIABILITY.  .  T.  W.  Gross 
and  C,  Wemer#  (IRE  Transactions  on  Reliability  and  Quality 
Control,  Vol.  R(iC-10,  No.  3,  November  1961,  pp.  7-lli) 

It  is  becoming  a  recognized  fact  that  many  of  the  electronic 
piece  parts  used  in  present  day  ballistic  missile  and  space  probes 
are  inadequate  for  the  long-life  space  programraes  of  the  near 
future*  Realization  of  the  major  differences  of  life  and 
reliability  requirements  resulting  from  short  and  long  term 
exposures  to  the  space  environment  has  led  to  a  four  point  plan 
for  the  establishment  of  an  acceptable  class  of  parts  that  will 
meet  the  more  rigid  demand's*  Presented  here  are  the  plan  and  some 
of  the  preliminary  results  obtained  to  date* 


PRELIMINARY  ENVIRONMENTAL  CONSIDERATIONS  EFFECTING  THE  PERFORMANCE 
OF  LARGE  OPTICS  FOR  AEROSPACE  RECONNAISSANCE.  R*  Joel*  (Itek 
Laboratories,  Lexington,  Massachusetts,  Technical  Note  No*  2, 
Report  IL  9026-5#  October  1961,  63  p^) 


DIELECTRICS  FOR  OUTER  SPACE.  Louis  J.  (Johns  Hopkins 

Iftiiversit7,  Dielectrics  Laboratory,  Baliiinore,  Maryland, 

Contract  DA  36-039-3C-78321,  Interim  Report  No.  1,  1  March  1959- 
30  April  I960,  31  May  I960,  65  p.,  16  refs.)  AD-2U0  028 

The  results  of  the  first  phase  of  a  study  of  the  effects  of 
simulated  high  altitude  environment  on  the  electrical  properties 
of  electrical  insulating  materials  are  reported.  Tests  have 
b*ai  made  for  periods  up  to  96-hour8  in  high  vacuum,  in  the 
presence  of  ultraviolet  and  50-kv  X-ray  radiation.  Measurements 
of  flashover  strength  from  60-cps  to  l8^c,  dielectric  constant 
and  dissipation  factor  from  60-cp3  to  lOO^c,  and  d-c  surface 
and  volume  resistivity  have  been  made  on  Alathon  U  BM  30,  Alox 
(aluminum  oxide)  glass  polyester  laminate,  and  Formica  PT-95 
printed  Hiring  board.  Observed  changes  in  electrical  properties 
are  associated  mainly  with  thermal  effects,  except  in  the  case 
of  flaahover.  Electrode  effects  prove  to  be  ingxjrtant  in  high 
vmcuim  flaahover  phenomena,  cauaing  ndninum  values  in  high 
vacuum  to  be  comparable  to  the  low  values  obtained  at  atmospheric 
pressure. 


DIELECTRICS  FOR  SATELLITES  AND  SPACE  VEHICLES.  L<?uis  J.  Frisco. 
(Dielectrics  Laboratory,  John  Hopkins  University .  Balt imore 
Maryland,  Contract  DA  36-039-sc-78321,  Report  l^o.  2,  1  May  i960- 
28  February  I96I,  15  March  1961.  79  p. ,  17  refL  )  AD-25'6  900 

Results  of  the  second  phases  of  study  of  the  effects  of  simulated 
high  altitude  environment  of  the  electrical  properties  of  insulating 
materials  are  reported,  Hi.gh  vacuum  breakdown  and  flashover  measure¬ 
ments  in  the  10  to  the  -6th  power  mmHg  range  at  d-c,  60-cps,  2-mc  and 
lo-mc  indicate  that  electrode  surface  roughness  is  the  controlling 
factor.  Dielectric  properties  of  the  specimen  material  do  not  influ¬ 
ence  flashover  voltage.  X-ray  and  ultraviolet  radiation  have  no  effect 
of  flashover  voltage.  Significant  changes  in  low-frequency  loss  prop¬ 
erties  and  d-c  conductivity  were  observed  during  and  after  vacuum 
irradiation  with  50-KV  x-rays.  Ultraviolet  radiation  produced  no  immed¬ 
iate  effects  on  loss  properties. 


EIECTRICAL  CONTACTS  IN  SPACE  ENVIRONMENT.  AN  ANNOTATED  BIBLIOGRAPHY. 
George  E»  Owens*  (Lockheed  Aircraft  Corporation,  Sunnyvale, 
California,  Report  No,  3-77-61-1,  Special  Bibliography 
No,  SB-6l-23>  May  1961,  Bh  p,,  I69  refs,)  AD-258  li2U 

A  bibliography  is  presented  which  is  the  result  of  a  surv^  of 
recent  literature  pertaining  to  electrical  contacts  in  a  space 
environment.  It  supports  a  laboratory  investigation  into  the 
effects  of  strong  ultraviolet  radiation,  hard  vacuum  (10  to  the 
-8th  power  mm  Hg  or  less),  and  low  temperature  (-50  to  +200?) 
upon  moving  electrical  contacts  operating  at  currents  in  the 
inilliampereHnicroampere  range  and  at  contact  potentials  up  to  a 
few  millivolts.  The  bibliography  includes  references  to  work 
antecedent  to  the  laboratory  investigation,  even  though  such  work 
may  not  have  been  carried  out  within  the  specified  range  of 
conditions.  The  1^9  references  are  arranged  alphabetically  by 
personal  authors  in  3  categories;  (1)  books,  (2)  reports,  and 
(3)  journal  articles.  Ah  index  of  secondary  personal  authors 
and  corporate  sources  is  provided,  in  addition  to  a  subject 
Index, 


332.  SPACE  EmRONMENTAL  EFFECTS  ON  SEALS,  GASKETS,  ADHESIVES  AND  OTHER 
ELASTOMERIC  AND  POLIMERIC  MATERIALS;  AN  ANNOTATED  BIBLIOGRAPHT. 
Helen  M,  Abbott,  (Lockheed  Aircraft  Coip oration,  Sunnyvale, 
California,  Contract  AF  OU(6ii7)-673»  Report  No.  3-3U-61-7, 

3t>ecial  Bibliography  SB-6I-UO,  September  196I,  218  p.) 

AD-267  531 

This  bibliography  contain*  selected  references  on  seals,  gaskets, 
adhesives,  sealants  and  other  elastomeric  and  polymeric  materials 
under  space  conditions.  Environmental  conditions  that  will  effect 
materials  in  space  are  exposure  to  high  vacuimi,  service  temperatures, 
and  radiation.  Radiation  includes  ultraviolet  and  high-energy 
radiation  as  appropriate  to  the  application  of  the  material.  Any 
application  of  adhesives  in  fabricating  pressurized  containers  and 
attaching  solar  cell  plates  were  included  as  were  any  tests  con¬ 
ducted  on  materials  used  for  seals  and  gaskets  in  contact  with 
reactive  fluids  such  as,  hydrazine,  UDMH  (unsyrametrical  dimethyl 
hydrazine),  N20U  and  red  fuming  nitric  acid.  Materials  used  for 
iziflatable  space  vehicles  and  structures  are  included  as  general 
applications  of  plastics  or  polymers. 


333.  SPACE  ENVIRONl'lENTAL  EFFECTS  ON  GEARS  AND  BEARINGS.  AM  ANTv’OTATED 

BIBLIOGRAPHY.  Helen  M.  Abbott,  (Lockheed  Aircraft  Corporation, 
Sunnyvale,  California,  Contract  AF  Oli(6U7)-673,  Addendum  to 
the  Space  Materials  Handbook,  Report  No,  3”3U”6l“12,  Special 
Bibliography  No,  SB-61-149,  October  I96I,  72  p,)  AD-269  336 

An  annotated  bibliography  on  gears  and  bearings,  resulting  from 
a  general  literature  search  as  an  aid  to  the  consideration  of  design 
factors,  tanperature,  speed  effects  and  wear  problems  on  materials 
that  could  give  satisfactory  service  in  spacecraft  applications  is 
presented. 


33U.  Ill  RELIABILITY  TESTING  OF  CAPACITORS  IN  COMBINED  ENVIRONMENTS, 

S,  0,  Prvor.  (Lockheed  Aircraft  Corporation,  Nuclear  Products, 
Georgia  Division,  Marietta,  Contract  AF  33(600)-389U7# 

Report  MR-116,  1  Apr  11-30  September  I960,  tece^er  i960) 


335.  STUDY  AND  DESIGN  OF  UNFURLABLE  ANTENNAS.  VOLUME  II.  ENVIR0N14ENT  AND_ 

PROPAGATION  STUDY.  (Lockheed  Aircraft  Corporation,  Sunnyvale,  California, 
Contract  AF  33(616  )-6022,  IMSD-I483U6,  Vol.  2,  Quarterly  engineering 
report  number  1,  1  August  1938-31  October  1938,  30  November  1938) 

AD- 207  OOU  (see  also)  AD-313  829 

The  most  recent  available  information  is  presented  on  space  environ¬ 
mental  factors,  as  they  can  affect  the  design  of  unfurlable  antennas. 
Effects  of  atmospheric  drag  on  satellite  lifetime  are  discussed  as  a 
function  of  the  unfurled  antenna  area,  along  with  the  effects  of  high 
vacuum,  temperature,  and  such  atmospheric  constituents  as  dissociated 
gases  and  solid  particles. 


336.  STUDY  AND  DESIGN  OF  UNFURLABLE  ANTENNAS.  VOLUME  I"!.  SPACE  ENVIRONMENT 

AND  ITS  EFFECTS.  (Lockheed  Aircraft  Corporation,  Suni^yvale,  California 
Contract  AF  33(6l6)-6022,  LMSD-USl^liS,  Vol.  2,  Quarterly  Engineering 
Report  No.  2,  1  November  1958-31  January  1959,  28  February  1959) 

AD  211  877  (see  aleo)  AD  207  OOU 

Discussions  are  included  on  the  effects  of  external  torques  caused 
by  aerodynamic  drag,  radiation  pressure,  and  gravitational  and  centrif¬ 
ugal  forces,  as  well  as  those  from  electric  and  magnetic  fields. 

Recent  data  on  radiation  levels  in  space  as  monitored  by  the  lunar 
probes  are  discussed.  A  basic  design  approach  to  an  unfurled  antenna 
is  outlined  in  that  light  of  what  is  known  of  the  overall  space 
environment,  and  brief  reference  is  made  to  continuing  propagation 
studies.  An  extensive  study  of  radiation  damage  to  comaonly  used 
antenna  materials  is  presented. 


337.  LUBRICANTS  AND  SELF -LUBRICATING  MATERIALS  FOR  SPACECRAFT  MECHANISMS. 

F.  J.  Clauss.  (Lockheed  Aircraft  Corporation,  SunnyTrale, 

California,  Report  No.  LMSD-89U812,  18  April  1961,  Ihl  p.,  97  refs.) 

Little  information  exists  on  either  the  implications  of  space 
environment  for  the  lubrication  problem  or  the  behavior  of  lubri¬ 
cants  and  self -lubricating  materials  under  such  conditions.  This 
report  discusses  problems  anticipated  in  providing  satisfactory 
lubrication  for  space  craft  mechtmisms  and  summarizes  available 
information  on  the  applicability  of  various  lubricants  and  self- 
lubricating  materials  to  solve  such  problems.  The  materials 
discussed  are  oils  and  greases,  laminar  solids,  soft  metals, 
plastics,  and  ceramics  and  cermets. 


338.  SATELLITE  ENVIRONMENT  HANDBOOK.  F.  S.  Johnson.  Editor.  (Lockheed 
Aircraft  Corporation,  Missiles” and  Space  Division,  Sunnyvale, 
California,  IMSD-8 95006,  December  I960) 

A  rather  comprehensive  review  of  the  readily  available  data 
which  describe  the  geophysical  environment  ecountered  by 
artificial  Earth  satellites  is  presented.  The  material  is  divided 
into  the  following  sections!  "The  Physical  Properties  of  the  Upper 
Atmosphere,"  by  F.  S,  Johnson;  "Ionospheric  Structure,"  by 
W.  B.  Hanson;  "Penetrating  Radiation, "  by  A.  J.  Desslert  "Solar 
Radiation,"  by  F,  S.  Johnson;  "Micrcmeteorites, "  by J.  Veddar; 
"Radio  Noise, "  by  0.  E.  C(arrlott;  "Distribution  of  Thermal 
Radiation  Fron  the  Earth,"  by  F.  S.  Johnson;  and  "Geomagnetism, " 
by  A.  J,  Dessler. 


339.  EVALUATING  THE  BEHAVIOR  OF  MATERIALS  UNDER  SPACE  CONDITIONS. 

F.  J.  Clauss,  R.  E.  Mauri,  E.  C.  Staith  and  S.  Drake,  Lockheed 
Aircraft  Corporation,  Missiles  and  Space  Division,  Palo  Alto, 
Califomia,  (institute  of  Environmental  Sciences  Proceedings, 
April  1961,  pp.  U75-U88) 


3U0.  BEHAVIOR  OF  FLUIDS  AND  LUBRICANTS  UNDE®  EXTREME  ENVIRONMENTS. 

Vein  Hopkins.  (Midwest  Research  Institute,  Kansas  City,  Missouri, 
dontract  AF  33(6l6)-6851i,  Quarterly  Progress  Report  No.  on 
Phase  1,  1  January-1  April  I96I,  1  April  1961,  29  p. )  AD-256  760 

Results  of  2  shear  stability  experiments  at  I4OO  F  are  presented. 
The  run  with  MLO  59-91  (di-a-dodecyldiphenylsilane  with  additives) 
was  terminated  at  10.5  hr.  when  some  of  the  mating  pump  parts  were 
scuffed.  The  run  with  MLO  60-29U  (deep  dewaxed  mineral  oil  plus 
TCP,  PANA,  and  DC  200)  complete  the  scheduled  50  hr.  Both  the  fluid 
and  pump  were  in  good  shape  at  the  conclusion  of  this  run.  Wear- 
life  results  for  a  group  of  experimental  solid  film  lubricants 
applied  to  spherical  mating  surfaces  of  bearings  are  presented  for 
UOO  F  and  700  F,  1200-lb.  radial  load,  while  under  a  ♦lli  to  -ll| 
degree  oscillatory  motion  at  250  cpm.  Seizure  load  results  run  at 
elevated  temperatures  for  MLO  58-678  and  MLO  58-678  with  additives 
in  an  air  atmosphere  indicate  the  base  fluid  has  better  extreme 
pressure  lubricating  characteristics  than  with  the  various 
additives. 


3UI.  BEHAVIOR  OF  FLUIDS  AND  LUBRICANTS  UNDER  EXTREME  ENVIRONMENTS. 
Vem  Hopkins,  A.  D.  St.  John  and  D.  R.  >&lson.  (Midwest 
Reseai^n  Institute,  Kansas  City,  Missouri,  tiontract 
AF  33(616  )-685U,  Quarterly  Progress  Report  No.  6,  1  Julj'^- 
1  October  1961,  20  October  1961,  32  p.)  AD-265  876 


3U2.  BEHAVIOR  OF  PLASTICS  IN  RE-ENTRY  ENVIRONMENTS.  PART  2.  D.  L.  Schmidt. 
(Modern  Plastics,  Vol.  38,  No.  U,  December  I960,  pp.  m7-15U+) 


3U3.  LUBRICATION  IN  SPACE  EHVIR0NI>1ENTS .  R.L.  Adamczak,  R.J.  Benzing  and 

H.  Schwenker.  Nonmetallic  Materials  Laboratory.  Aeronautical  Systems 
Division^  (National  Symposuim  on  The  Effects  of  Space  Environment 
on  Materials,  St.  Louis,  Missouri,  7-9  May  1962  12  p. ) 

Solid,  semi-solid  and  liquid  lubricants,  hydraulic  fluids,  heat 
transfer  fluids  and  novel  lubrication  techniques  are  discussed  with 
respect  tottie  current  "State  of  the  Art"  and  the  future  capabilities 
of  these  various  materials  and/or  their  application.  The  severe 
environmental  conditions  of  space  are  compared  against  both  the  current 
and  future  "State  of  the  Art"  in  the  field  of  lubrication  and  energy 
transfer  media.  Research  efforts  currently  being  oursued  by  the 
Nonmetallic  Materials  Laboratory  of  ASD  to  provide  new  and  improved 
lubricants  are  described.  A  brief  interpolation  is  also  given  of 
the  overall  lubricant  picture  with  respect  to  space  technology  in 
terms  of  reliability  and  system  design* 


3144.  FLUOROCARBON  PLASTICS  UNDER  THE  INFLUENCE  OF  UNUSUAL  ENVIRONMENTAL 

CONDITIONS.  Robert?.  Bringert  Minnesota  Mining  and  Manufacturing 
Company.  (National  Symposuim  on  The  Eff€(cts  of  Space  Environment  on 
Materials,  St.  Louis,  Missouri,  7“9  May  i962,  22  p. ,  Ih  refs.) 

The  fluorocarbon  plastics,  already  known  for  their  chemical 
inertness  and  temperature  resistance,  are  reviewed  in  light  of 
available  data  taken  under  exposure  to  unusual  conditions.  The 
introductory  section  includes  a  brief  description  of  the  chemical 
nature  and  general  properties  of  the  commercially  important  fluoro¬ 
carbon  plastics.  The  remainder  of  the  paper  is  devoter  to  exploring 
the  effects  of  high  and  low  (cryogenic)  temneratures.  exposure  to 
liquid  oxygen, V-  and  x-irradiation  in  air  and  in  vacuum,  ultraviolet 
radiation,  and  vacuum  exposure. 


31*5.  MATERIALS  IN  SPACE.  R.  A.  Hapoe.  (Ordnance,  Vol.  1*5,  No.  2l*l*, 
January  I961,  pp.  578-5801 


31*6.  ADVANCES  IN  SPACE  TECHNOLOGY.  VOLUME  2.  Fredylck  I.  Ordway,  III. 
Editor.  (Academic  Press,  New  York,  I960,  U5o  p. ) 

Contents  Include  an  article  entitled,  "Materials  in  space, "  by 
Frederick  L.  Bagby. 


31*7,  SPACE  VEHICLE  ENVIRONMENT.  0.  Gazley,  Jr.,  W.  W.  Kellogg  and 
E.  H.  Vestine.  (Rand  Corporation,  Report  P-1335  Revised, 

15  June  l959,  58  p.) 

Effects  of  solar  and  other  thermal  radiations  on  vehicle 
temperature,  the  characteristicp  of  the  earth's  magnetic  fields 
and  other  magnetic  fields  in  space,  the  earth's  exosphere  and 
the  solar  corona,  cosmic  rays,  and  meteoroids*  Estimates  of 
the  probability  of  vehicle  skin  penetration  by  meteoroids* 


31*6.  EFFECTS  OF  A  SIMULATED  SPACE  ENVIRONMENT  ON  THE  PROPERTIES  OF 
ELASTOMERS.  Z.  T.  (tesefort  and  J.  D,  Ruby.  (Rock  Island 
Arsenal  Laboratory,  Illinois,  6I-I999,  IS  May  1961) 

The  exposure  of  elastomers  to  the  following  conditions  is 
discussed}  (l)  extremely  high  vacuum,  (2)  high  and  low 
temperatures,  (3)  actinic  solar  radiation,  (it)  cosmic  radiation, 
undimlnished  by  atmospheric  penetration,  and  (5)  particle 
bombardment  from  tiny  meteorites. 


EXPERIMENTS  FOR  MEASURING  TEMPERATURE,  METEOR  PENETRATION,  A^JD  SURFACE 
EROSION  OF  A  SATELLITE  VEHICLE*  Her^n  E*  LaGow,  U.  S.  Naval 
Research  Laboratory,  Washington,  D*  C«  VScientific  Uses  of  Earth 
Satellites,  James  A.  Van  Allen,  Editor,  University  of  Michigan 
Press,  Ann  Arbor,  1958,  pp#  68-72,  h  refs.) 

Satellite  experimentation  represents  a  tremendous  step  from 
rocket  instrumentation#  It  offers  obvious  advantages  in  studying 
variations  in  physical  quantities  in  time  and  latitude  and  perhaps 
even  altitude#  However,  there  are  several  evident  disadvantages. 

The  chief  disadvantage  is  the  limited  payload.  Not  only  does  the 
instrumentation  have  to  be  two  orders  of  magnitude  lighter  than 
rocket  instruments,  but  it  must  last  for  from  one  to  five  orders  of 
magnitude  longer.  This  means  that  the  instrumentation  must  be 
miniaturized  to  the  limit.  To  do  this  reliably,  one  must  know  the 
environment  in  which  the  instrumentation  is  required  to  operate. 

Some  of  the  environmental  conditions  can  be  estimated  from  theory 
and  rocket  soundings,  but  others  must  be  evaluated  from  measurements 
on  the  satellite.  Plans  are  described  for  measuring  temperature 
extremes,  surface  erosion,  and  surface  penetration. 


EFFECTS  OF  IHE  EARTH •S  IONOSPHERE  ON  HF  RADIO  ASTRONOMY  FRCM 

ARTIFICIAL  SATELLITES.  M.  D.  Qrossl.  K.  M.  Strom  and  S.  E.  Strom, 
(^nithsonian  Institution7  Astrophysical  Observatory,  Carib ridge, 
Massachusetts,  ^cial  Report  No.  76,  2  October  I96I,  16  p.) 

AD-26U  900 

An  analysis  was  made  of  some  effects  of  the  ionosphere  on  HF 
observations  from  satellite-borne  radio  telescopes.  A  search  was 
conducted  for  focusing  effects  of  the  ionosphere  on  incoming  coando 
noise  in  the  HF  band.  The  analysis  covers  a  vartety  of  cases,  of 
interest  for  satd.lites  in  various  orbital  altitudes  and  with  a 
vide  range  of  observation  frequencies.  In  this  preliminaiy  analysis, 
the  ionbsphere  was  considered  to  be  a  non-homogeneous,  nonisotropic, 
magnetolonlc  medium.  The  electron-density  profile  in  the  calcu¬ 
lations  is  illustrated.  The  earth *s  magnetic  field  was  assuned  to 
be  dipole  In  nature.  Ionospheric  irregularities  and  discontinuities 
only  for  case#  in  vhicSi  these  disturbances  are  much  larger  in  size 
than  are  the  wavelengths  considered.  The  effects  of  the  ionosphere 
on  incoming  radiation  was  computed  by  employing  a  Hamiltonian  optics 
approach.  The  necessary  numerical  procedures  involved  in  the  ray¬ 
tracing  in  relation  to  a  program  suitable  for  use  in  an  IBM-7090 
computer  are  discussed.  R^ys  were  C0B^)Ut6d  and  plotted  for  sources 

located  at  infinity  and  frequancles  In  the  band  I-30  me. 


351.  STATE  OF  THE  ART— MATERIALS.  (Space/Aeronautics,  Vol  38,  No.  2, 
pp.  H-3-H-1U,  92  refs.) 

Review  of  the  status  of  materials,  covering  (1)  environments 
(including  hard  vacuum  of  space,  cryogenics,  and  nuc^ar  system 
materlals)|  (2)  Composite  systems  (including  "matrix  materials", 
glass  fibers,  reinforcements,  and  chromium  composites) j  (3)  iron 
base  alloys,  steels,  and  super-alloys  (including  mar-aging  l8-25Ni 
iron  base  alloys  and  nickel-base  super-alloys);  (4)  refractory 
alloys  and  beryllium  (including  tungsten-thorium,  tungsten-molybdenum, 
columblum,  and  molybdenum);  (5)  nonferrous  metals  (including 
magnesium-lithium,  aluminum,  and  rare-earth  metals);  (6)  plastics 
(including  high-temperature  organics);  (7)  ceramics  (including 
brides,  nitrides,  sillcldes,  beryllium  oxide,  high-temperature 
ceramics,  and  intermetalllcs) ;  and,  hydraulic  fluids,  lubricants, 
and  elastomers. 


352.  EQUIPMENT  DESIGN  CCWfSIDERATIONS  FOR  SPACE  ENVIRONMENT.  S.  N.  Lehr. 

L.  J.  Mar  tire  and  V.  J.  Tronolone.  (Space  Technology  Laboratories, 
^nc.,  Redondo  Beach,  California,  Report  TR-999O-6O32-RUOO0, 
Pebruaiy  1S>62,  122  p.,  Iii5  refs.) 

Information  compiled  from  a  literature  survey  and  from  STL 
experience  is  presented  in  this  document  as  an  aid  to  the 
design  and  fabrication  of  electronic  equipment  for  space 
vehicles.  Data  are  presented  concerning  the  behavior  of 
materials  in  space,  covering  information  not  available  in  the 
usual  engineering  handbooks. 

Space  environment  is  considered  in  terms  of  temperature, 
high  vacuum,  micrometeorites,  radiation,  and  other  phenomena, 
with  particular  attention  to  the  effects  of  such  environwent, 
insofar  as  they  are  known  or  conjectuired,  upon  plastics,  organic 
and  inorganic  materials,  metals,  and  upm  electronic  parts. 


353.  SURVEY  OF  THE  PHYSICAL  ENVIRONMENTS  OF  BOOST-GLIDE  Afffi  SATEILITE 
VEHICLE  EIECTRONIG  EQUIPMENT.  Roger  L.  Sullivan  and 
Walter  Curley.  (Qylvania  Electric  Products,  Inc,,  Waltham, 
HassacKuseTts,  Contract  AT  33(616  )-6309,  Technical  Report 
No.  UUO-1,  29  April  I960,  1  Vol.,  157  refs.)  AD  2Ul  6U8 

The  physical  environment  of  manned  boost-glide  vehicles  and 
unmanned  satellite  vehicles  was  studied.  In  particular,  it  is  a 
study  of  the  environment  which  low  wattage,  solid  state 
electronic  equipment  will  be  expected  to  withstand  when  operating 
within  the  vehicle  and  during  test,  transit  and  storage,  Both 
Induced  and  natural  environments  are  covered.  The  induced 
environments  which  are  reviewed  are  temperature,  vibration, 
acoustic  noise,  mechanical  shock,  acceleration  and  explosive 
atmospheres.  The  natural  environments  included  are  moisture 
forms,  fungus,  sand  and  dust,  prossure,  altitude,  electrostatic 
fld.ds,  and  radiation.  The  environments  are  listed  vrtiich  may 
possibly  have  a  detrimental  effect  on  the  operation  of  the 
electronic  equipment  in  these  vehicles  with  best  known  numexd.cal 
values. 


CONFERENCE  ON  BEHAVIOR  OF  PLASTICS  IN  ADVANCED  FLIGHT  VEHICLE 
ENVIRONMENTS*  H*  S.  Schwartz*  Materials  Central*  (U,  S,  Air 
Force,  Wright  Air  Development  Division,  Air  Research  and 
Development  Command,  Wright-Patterson  Air  Force  Base.  Ohio, 

WADD  Technical  Report  60-101,  September  I960,  U60  p*' 

This  report  is  the  collection  of  papers  presented  at  the 
Materials  Central,  WADD  conference  on  "Behavior  of  Plastics  in 
Advanced  Flight  Vehicle  EnvJjronments"  held  in  Dayton,  Ohio  on 
16-17  Pebiniary  I960. 

The  purpose  of  this  conference  was  to  review  the  recent  pro¬ 
gress  in  studies  on  plastics  esq^osed  to  severe  thermal  environments 
and  simulated  extremely  high  altitude  environments*  The  papers 
presented  are  primarily  on  internal  and  contractual  programs 
sponsored  by  the  Plastics  Branch  of  the  Nonmetalllc  Materials 
Laboratory*  Papers  on  work  performed  by  other  organizations  in 
the  Department  of  Defense  and  by  their  contractors  were  also 
presented  and  are  included* 


EFFECTS  OF  SIMUIATED  SPACE  ENVIRONMENTS  ON  CUSHIONING  MATERIALS. 

D.  N.  feast  and  J.  J*  Baruch*  Bolt  Beranek  and  Newman,  Inc,, 
Cambridge, Massachusetts.  (Wright  Air  Development  Division, 
Materials  Laboratory,  Wright-Patterson  Air  Force  Base,  Ohio, 

WADC  TR  58-667)  AD-229  932 

Measurements  of  some  of  the  properties  of  severe  Jtypes^f 
package  cushioning  materials  at  tenperatures  of  +75^y 
and  -200®F  and  pressures  of  760  and  10“''  mn  Hg  have  been 
performed.  Static  and  dynamic  stress-strain  ciirves  and  vibration 
transmlsslbllity  characteristics  have  been  obtained  for  glass 
fiber,  latex  bound  hair,  polyurethane  foam,  silicone  rubber  foam, 
and  cinishable  paper  honeycomb  materials.  The  data  are  presented 
and  briefly  discussed,  and  the  instrumentation  necessary  for  the 
performance  of  the  measurements  is  described. 


EFFECTS  OF  SPACE  ENVIRONMENT  ON  MATERIALS.  J,  H.  Atrins. 

R,  L,  Blsplinghoff *  J.  L,  Ham,  E,  G,  Jaoksy  and  J.  C.  Simons* 
National  Resewch  Corporation,  Cambridge,  ^fassachusetts. 

(Wright  Air  Development  Division,  Wright-Patterson  Air  Force 
Base,  Ohio,  WADD  TR  60-721,  December  I960) 

This  report  is  a  general  survey  of  the  current  knowledge  of 
the  major  factors  influencing  space  environment,  such  as  radiation, 
high  vacuum  and  meteoroids;  the  effects  of  these  factors  on 
materials;  and  the  problem  of  simulating  these  conditions  in  the 
laboratory. 


357.  BREAKTHROaOH  INTO  SPACE.  V.  Parfonov.  (Znaniye  -  Sila,  Vol.  10, 
October  I960,  pp  1-3)  also  (Air  Force  Systems  Command,  Foreign 
Technical  Division,  Wright-Patterson  Air  Force  Base,  Ohio, 
Translation  No.  MCL-1185/l,  8  August  1961,  17  p.)  AD  269  630 

The  materials  for  the  body  of  the  spaceship  should  protect  the 
crew  from  the  cosmic  vacuum,  withstand  erosion  when  the  skin  is 
bombarded  by  cosmic  dust,  and  withstand  the  impacts  of  small 
meteorites.  A  group  of  very  refractory  metals  which  must  be 
heated  to  3000  degrees  and  higher  to  be  melted  include  Be,  Nb, 

Mo,  Ta,  and  W.  The  properties  of  these  metals  are  discussed. 
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7U,  80, 

86, 

-Electronic  Equipment 

1U6, 

15^ 

100,  136, 

II42, 

1^9, 

161, 

17^ 

1U3,  155, 

167 

202, 

21U, 

217, 

239, 

352, 

353 

AUnrOlN  ETTIO  s 

A  DIVISION  OF  NORTH  AMERICAN  AVIATION.  INC. 


Radiation  Effects  (Continued) 

^^adiation  ''^''fects  ^Con+-i 

-Ferrites  . 

. 32 

-Gemi rondurtors  •  • 

. 

81. 

-Films,  Plastic  •  . 

.  .  .  63,  2H8 

89, 

1  -Flight  Control  oyvStems  .  .  .  l33 

88, 

y 

-Gaskets  . 

. 332 

•li, 

137, 

-Glass  . 

. 1,  2 

158, 

233, 

307 

-Greases  . 

.  19,  22,  1U3 

-Solar  Cells  .  ♦  .  ♦ 

•  93, 

06, 

-Hoses  . 

. 171 

96, 

98, 

°9, 

-Hydran lie  Controls 

. 320 

100, 

101, 

10^ 

-Insulation  •  •  •  » 

.  uo,  60,  1U7. 

157, 

209 

169,  186,  187, 

-Solids ....... 

•  • 

«  » 

130 

193,  2kh,  307, 

-Star  'I'rackers  .  .  . 

•  • 

lh2 

31U 

-State  of  the  Art.  . 

•  # 

•  • 

133 

-Ln brie ants  «... 

.  19,  23,  I4O, 

-strain  Guages  ..  .  • 

•  • 

2ii3, 

2hh 

1U3,  238 

-Tape . 

•  • 

lUo 

-I'ar^nets . 

.  .  .  2I1I,  325 

-Transceivers  .  . 

«  • 

196 

-Materials  •  ♦  . 

.  3U,  38,  39, 

-Transducers  .... 

♦  • 

163 

liO,  h2,  Uli, 

-Transformers.  .  .  . 

•  • 

232 

63,  153,  172, 

-Transistors  .... 

.87, 

109, 

130, 

190,  191,  192, 

202, 

209, 

22I4, 

19^>,  280,  321, 

-Itibes . 

.81, 

IW, 

133, 

325,  332,  332, 

-Tunnel  Diodes  .  .  . 

•  • 

152, 

23U 

336 

-  ‘.are . 

•  «  « 

136 

-lietals . 

.  36,  38,  U2, 

20U,  207,  21.3, 

306,  332 

Radio  Noise  . 

•  • 

319, 

333 

-Microwave  Devi  ces 

.....  17U 

Recorders  . 

«  *  « 

.  • 

312 

-Oscillators.  .  .  . 

.  .  .  181,  203 

-Paints  . 

213,  213,  2U5; 

Rectifiers,  Silicon-Carbide  . 

•  # 

136 

288 

-Plastics  . 

.  h2,  I18,  U9, 

Reflectors  —  Effect  of 

30,  31,  33, 

Micrometeors  •  .  .  < 

•  # 

•  • 

23? 

50,  62,  63, 

6U,  69,  70, 

Reflectors,  Passive  . 

#  m 

•  • 

237 

73,  186,  207, 

212,  213,  280, 

238,  291i,  299, 

liefrigerants . 

•  • 

•  • 

123 

302,  308,  3UU, 
332 

Relavs  . 

•  • 

•  # 

163 

-l'ol:..TTiers . 

.  33,  33,  61, 

Resistors  . 

.0;  . 

I48- 

163, 

63,  72,  7I4, 

188, 

208 

-j  Tinted  Circuits  . 

. 136 

Resistors,  Carbon  .  .  . 

.  •  . 

133, 

167 

-Recorders.  .  .  .  . 

. 312 

-Rectifiers  .  .  .  . 

. 136 

Resistors,  Co -pos?. tion 

•  a  • 

.  • 

222 

-Resistors  •  •  •  • 

.  81,  148,  133, 
167,  170,  203, 

•  *  • 

•  t  • 

222 

Fiesistors,  High  Fego'bm 

222 

-Rubber  . 

.193,  223,  2U2 

Resistors,  PyroJ'ilm  .  . 

.  .  • 

.  • 

170 

-Sealants  . 

.  19,  ho,  1U3, 

332 

'i)bber . 

193, 

223, 

2h2 

-Seals . 

.  .  .  171,  332 
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oatellite  Reliability  . . 327 

Satellites  —  Attit\ide  Control,  •  *111 
oeals . 122,  171,  332 


..Sealants . Ip,  UO,  112, 

lh3,  332 


..:5eiTiic.ondi-ctors«  .  .  .  • 

.  .63, 

66, 

92, 

138 

BI4, 

80, 

93, 

63, 

91, 

1:^7, 

Seri  i c  0  ridn  c  to  r s ,  C. omp  ou  nd 

.  .90, 

233 

Semiconductor  Devices  • 

•  .76, 

69 

73, 

79, 

Se  mi  c  ondu  c  tor  1 ''  a  ter  i  als 

•  «  « 

•77, 

62 

Shielding,  Meteoric  «  . 

•  • 

.23I4 

Silicon  Greases  .... 

•  #  ♦ 

•  • 

.  22 

Solar  Cells  . 

.  .93, 

101, 

209 

97, 

102, 

99, 

137, 

Solar  Cells,  oil"* con.  . 

.  .93, 

98, 

100 

LSolar  Cells,  iiadiation 
Resistant . 

•  •  * 

•  • 

.  96 

Solar-Flare  . 

.  •  • 

lU;:, 

319 

I  Solar  Plasmas . 110 

ooiar  Radiation . 9^,  111,  20% 

210,  212,  263, 

308,  319,  338, 

3h7,  3UB 

Solids . 150,  200 

Sound  Fields . •  32U 


Space  Environment . #310,  311 

Space  Radiation . 3U,  91,  92, 

99,  111,  131, 
173,  229,  230 


Space  Vehicles  —  At  Itude 

Control,  .  ,  . . 2li^ 

3p’ace  Vehicles  --  Cos'-nc 

r>jst  Pffect . 253 

jpace  Ve}licle^3  --  i-  eteorite 

Effects . 2U9,  253 

jpace  Veh.icles  —  fiicrometeoric 

Effect . 253 

Sputterinp; . 211 

Star  Trackers . .  •  1U2 


3tate  of  the  /'\rt  .  .  ^  .  119,  133,  3^3 

351 


Strain  Ouages,  Ceramic- 

Banded . 2U3,  2I1.I4. 

Sublimation . 31,  263,  28U, 

295 

Switches  .  .  .  •  . . l65 

Tape . 1U9 

Tape,  Magnetic  Recording  •  •  *  •  •  267 

Teflon  •  * . .  50,  56,  62, 

212 

'fempera ture  ^ bntrol . 208,  263 

.lerrdnals . 165 

Thermal  Kadi  a ti on . U7,  156,  237, 

263,  260,  3)47 

Thermia  tors . I8U 

Transceivers . 196 

Transducers  •  .  I68 

Transformers . .  •  33,  l65,  232 


'^'ransient  Rad.iation  •  •  .I63,  236,  2U6 
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iransistors . ^7,  1!?U,  16^  X-Rays . 2CX), 

IRO,  189,  202, 

209,  22ii 

Transistors,  High-Freqr ency  *  .  .  .26^ 


Transistors,  Unipolar  . 109 

Tubes,  .electron  3,  1^?,  1-5 

'Tubes ,  Gas . U 

Tubes,  V'acuum  •.*..••••  lli8,  l53 
Tubes,  Voltage  Regi^lator  ....  *186 


lixnriel  Diodes .  162,  23U 


Ultraviolet  Radiation  .  .  .61,  6^,  73, 

213,  215,  2U5, 
299 


Vacuum  i];f.fects 
-Kateriais  .  . 
— Rlastic  .  . 
-Polymers  .  . 

Vacuim,  High  .  . 

Vacuum  —  Voltage 
.HreakdoTO.  .  . 

Vibration-.  .  .  . 

Viscosity  .  .  .  . 

Voltage  Breakdown 


.  .  .  321,  35? 

. 3liU 

. 61 

.  .31,  52,  50, 
263 

.  .  .  2?0,  300 
.322,  323,  321.1 

. 20 

.106,  290,  300 


Welds . .  219 

Wire . . . 106 


330 


Wires,  Kagnetic 


261 


